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APPARATUS FOR ASPIRATING. IRRIGATING AND CLEANSING WOUNDS 



The present invention relates to apparatus and a medical wound dressing for 
aspirating, irrigating and/or cleansing wounds, and a method of treating 
5 wounds using such apparatus for aspirating, irrigating and/or cleansing 
wounds. 

It relates in particular to such an apparatus, wound dressing and method that 
can be easily applied to a wide variety of, but in particular chronic, wounds, to 
10 cleanse them of materials that are deleterious to wound healing, whilst 
retaining materials that are beneficial in some therapeutic aspect, in 
particular to wound healing. 

Before the present invention, aspirating and/or irrigating apparatus therefor 
15 were known, and tended to be used to remove wound exudate during wound 
therapy. In icnown fornis of such wound therapy, the offtake from^ the wound, 
especially when in a highly exuding state, is voided to waste, e.g. to a 
collection bag. 

20 Materials deleterious to wound healing are removed in this way. 

However, materials that are beneficial in promoting wound healing, such as 
growth factors, cell matrix components, and other physiologically active 
components of the exudate from a wound are lost to the site where they can 
25 be potentially of most benefit, I.e. the wound bed, when such therapy is 
applied. 

Such known forms of wound dressing and aspiration and/or irrigation therapy 
systems often create a wound environment under the dressing that thus may 
30 result in the loss of optimum perfomriance of the body's own tissue healing 
processes, and slow healing and/or in weak new tissue growth that does not 
have a strong three-dimensional stmcture adhering well to and growing from 
the wound bed. This is a significant disadvantage, in particular in chronic 
wounds. 

35 

It thus would be desirable to provide a system of therapy which 

can remove materials deleterious to wound healing from wound exudate, 
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whilst retaining materials that are beneficial in promoting wound healing in 
contact with the wound bed. 

Dialysis is a known method of treating bodily fluids such as blood ex vivo, to 
5 cleanse them of materials that are deleterious to the body systemically. 
Removal of such materials by contact with the dialysate is the prime purpose 
of dialysis, whilst also retaining materials such as blood, cells and proteins. 
Other materials that may have an additional positive therapeutic action are 
potentially lost to the system through the dialysis membrane, which is also 
10 permeable to them. The balance of such materials in the bodily fluid in 
recirculation may thus be further depleted. 

It would be desirable to provide a system of therapy which can remove 
materials deleterious to wound healing from wound exudate, without 
15 substantially diluting materials that are beneficial in promoting wound healing 
in contact with the wound bed, and which can continuously supply and 
recirculate such materials to the wound simultaneously. 

Dialysis for treating bodily fluids is also a systemic therapy, since the treated 
20 fluid is returned to within the body. 

This is In contrast to a topical therapy in which the treated fluid is recycled 
outside the body, e.g. to a wound. 

25 Most dialysis also requires large amounts of bodily fluids such as blood, and 
consequently the relevant devices tend not to be portable. 

Even when in a highly exuding state, chronic wounds produce relatively little 
fluid to be treated compared with internal bodily systems and relatively little 
30 materials that are beneficial in some therapeutic aspect to be retained in the 
wound and/or its environment. 

It is an object of the present invention 

a) to obviate at least some of the abovementioned disadvantages of known 
35 aspiration and/or irrigation therapy systems, and 
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b) to provide a system of therapy which can remove materials deleterious to 
wound healing from wound exudate, whilst retaining materials that are 
beneficial in promoting wound healing in contact with the wound bed. 

5 It is a further object of the present invention 

a) to obviate at least some of the abovementioned disadvantages of known 
dialysis systems, and 

b) to provide a system of therapy which can remove materials deleterious to 
wound healing from wound exudate, whilst retaining materials that are 

1 0 beneficial in promoting wound healing in contact with the wound bed, 

c) without affecting the body systemlcally. 

It is a yet further object of the present Invention 

a) to obviate at least some of the abovementioned disadvantages of known 
15 dialysis systems, and 

b) to provide a system of therapy which can remove materials deleterious to 
wound healing from wound exudate, whilst retaining materials that are 
beneficial in promoting wound healing in contact with the wound bed, and 

c) Is portable. 

20 

Vascular supply to, and circulation in, tissue underlying and sun-ounding the 
wound is often compromised. It is a further object of the present invention to 
provide a system of therapy that retains and supplies therapeutically active 
amounts of materials that are beneficial in reversing this effect whilst 
25 removing deleterious materials, thereby promoting wound healing. 

Thus, according to a first aspect of the present invention there is provided an 
apparatus for aspirating, irrigating and/or cleansing wounds, characterised in 
that it comprises 
30 a) a fluid flow path, comprising 

i) a conformable wound dressing, having 

a backing layer which js capable of fomiing a relatively fluid-tight seal 
or closure over a wound and 

at least one inlet pipe for' connection to a fluid supply tube, which 
35 passes through and/or under the wound-facing face, and . 
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and at least one outlet pipe for connection to a fluid offtake tube, which 
passes through and/or under the wound-facing face, 
the point at which the or each Inlet pipe and the or each outlet pipe 
passes through and/or under the wound-facing face forming a 
5 relatively fluid-tight seal or closure over the wound. 

at least one inlet pipe being connected to a fluid recirculation tube, and 
at least one outlet pipe being connected to a fluid offtake tube: and 
ii) a means for fluid cleansing having at least one inlet port connected to 
a fluid offtake tube and at least one outlet port connected to a fluid 
10 recirculation tube; 

b) a fluid reservoir connected by a second fluid supply tube to an integer of 
the flow path (optionally or as necessary via means for flow switching 
between supply and recirculation); 

c) a device for moving fluid through the wound dressing and means for fluid 
15 cleansing, and optionally or as necessary the fluid supply tube; and 

d) optionally means for bleeding the flowpath, 

such that fluid may be supplied to fill the flowpath from the fluid reservoir via 
the fluid supply tube (optionally or as necessary via the means for flow 
switching) and recirculated by the device through the flow path. 

20 

The means for flow switching between supply and recirculation may take any 
form that enables the wound simultaneously to be 

a) put into communication with the fluid reservoir but 

b) closed to the fluid recirculation tube, and 
25 c) vice versa. 

Thus. If there is only one inlet pipe that passes through and/or under the 
wound-facing face of the wound dressing, the fluid reservoir is connected by 
the fluid supply tube to the flow path via means for flow switching as desired 
30 the into a fluid recirculation tube or a fluid offtake tube. 

In this case, the means for flow switching between supply and recirculation 
may be a regulator, such as a T- valve. This is connected in turn to two parts 
of a fluid recirculation tube or a fluid offtake tube and the fluid supply tube. 
35 such that the desired flow switching between supply and recirculation is 
achieved. 
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If there are two or more inlet pipes, these may be connected respectively to a 
fluid supply tube or fluid recirculation tube, respectively having a first 
regulator and a second regulator, such as a valve or other control device for 
5 admitting fluids into the wound. 

The desired flow switching between supply and recirculation is achieved by 
respectively having the first regulator open when the second regulator is 
shut, and vice versa. 

10 

The means for bleeding the flowpath may be situated in any appropriate part 
of the apparatus that is in contact with the Irrigant and/or wound exudate, but 
is usually within the offtake and/or recirculation tubes. However, it is often as 
far downstream of and away from the reservoir and the fluid supply tube as 
15 possible, so that it may be used to prime the whole of the flowpath from the 
fluid reservoir via the fluid supply tube. 

It may be a regulator, such as a valve or other control device, e.g. a T-valve 
that is tumed to switch between bleed and recirculation, for bleeding fluids 
20 from the apparatus, e.g. to a waste reservoir, such as a collection bag. 

Alternatively, flow switching between supply and recirculation may not be 
desired, but rather concomitant bleeding and/or recirculation is desired. 
The latter may occur when the volume of inigant and/or wound exudate in 
25 recirculation is increased by continuing addition to it of 

a) wound exudate, and/or 

b) fluid passing from a cleansing fluid through a selectively pemieable 
integer, for example in a system such as a dialysis unit. 

30 The means for bleeding the offtake and/or recirculation tubes may then be 
provided in the fomi of a regulator, such as a simple valve or other control 
device for admitting or blocking the passage of irrigant and/or exudate 
through a bleed line branching from the recirculation path. 

35 The means for fluid cleansing may as desired be a 'single-phase system'. 
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In this, the circulating fluid from the wound and the fluid reservoir passes 
through a self-contained system in which materials deleterious to wound 
healing are removed and the cleansed fluid, still containing materials that are 
beneficial in promoting wound healing. Is returned via the recirculation tube to 
the wound bed. Such systems are described in further detail hereinafter in 
connection with the means for fluid cleansing. 

Alternatively, where appropriate it may be provided in the form of a two- 
phase system, such as a dialysis unit, or a biphasic liquid extraction unit. 



In this, the circulating fluid from the wound and the fluid reservoir passes 
through a system in which the fluid recirculates in indirect or (less usually, 
direct) contact with a second fluid (dialysate) phase, more usually a liquid, in 
which materials deleterious to wound healing are removed and the cleansed 
15 fluid, still containing materials that are beneficial in promoting wound healing, 
is returned via the recirculation tube to the wound bed. Such systems are 
described in further detail hereinafter in connection with the means for fluid 
cleansing. 

20 In use. typically, the means for flow switching between supply and 
recirculation tubes is set to admit fluid into the wound fl-om the fluid reservoir 
but to close the wound to the fluid recirculation tube. 

Then, any means for bleeding the offtake and/or recirculation tubes are is 
25 opened and the device for moving fluid through the wound and means for 
fluid cleansing is started. 

The capacity of the apparatus flow patii and the flow rate of irrigant and/or 
wound exudate from the wound will largely detemnine whether it is 

30 appropriate to run the device to prime the apparatus throughout the whole 
length of the apparatus flow path. i.e. to displace any existing fluid resen/oir 
(often air) from the fluid recirculation path, and for how long it should be run. 
Typically, there is a preponderance of irrigant from the fluid reservoir over 
wound exudate in recirculation, so that use of the device for moving fluid 

35 through the wound is appropriate for this purpose. 
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It is allowed to run until the apparatus is primed throughout the whole length 
of the apparatus flow path. 

Then, typically the means for bleeding the offtake and/or recirculation tubes 
5 is closed, and the means for flow switching between supply and recirculation 
tubes is set to close the wound to the fluid resen/oir but to admit fluid into the 
wound from the fluid recirculation tube. 

If the means for fluid cleansing is a two-phase system, such as a dialysis 
10 unit, or a biphasic extraction unit, the cleansing fluid is typically set in motion 
in contact with the surface of the selectively permeable integer, for example 
the polymer film, sheet or membrane. Of course, the cleansing fluid may less 
usually be static, and then this step is omitted. 

15 As noted below in more detail, the volume of in-igant and/or wound exudate 
from the wound in recirculation may be increased by continuing addition to it 
of 

a) wound exudate, and/or 

b) fluid passing from a cleansing fluid through a selectively penneable 
20 integer, for example the polymer film, sheet or membrane of a two- 
phase system, such as an dialysis unit. 

Additionally or alternatively, it may be desired to apply a negative pressure to 
the wound by means of a device for moving fluid through the wound and 
25 means for fluid cleansing applied to the fluid in recirculation in the fluid 
recirculation tube downstream of and away from the wound dressing. 

In such case, it may be desirable to provide a system in which concomitant 
bleeding and/or recirculation is possible, and to make the necessary 
30 adjustments to maintain the desired balance of fluid in recirculation by means 
of the means for bleeding the offtake and/or recirculation tubes. 

The volume of imgant and/or wound exudate from the wound in recirculation 
may be decreased by continuing loss from it of fluid passing from a cleansing 
35 fluid through a selectively pemneable integer, for example in a system such 
as a dialysis unit. 
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Additionally or alternatively, it may be desired to apply a positive pressure to 
the wound by means of a device for moving fluid ttirougii the wound and 
means for fluid cleansing applied to the fluid in recirculation in the fluid 
5 recirculation tube upstream of and towards the wound dressing. 

The means for flow switching between supply and recirculation may be 
similarly provided In a form in which concomitant supply and/or recirculation 
is possible, and to mal^e the necessary adjustments to maintain the desired 
1 0 balance of fluid in recirculation by means of the means for flow switching. 

It will be appreciated that where a positive or negative pressure is to be 
applied to the wound, at least one hollow body in the recirculation flow path 
to and from the wound bed should have sufficient resilience against the 
15 pressure to allow any significant compression or decompression of the 
imgant fluid to occur. 

In all embodiments of the apparatus, the type and material of such bodies 
(which are defined by a film, sheet or membrane) that are described by way 
20 of example herein to be suitable for use in the present invention will be 
largely capable of this function. 

Thus, examples of suitable materials for bodies defined by a film, sheet or 
membrane, such as inlet or offtake and/or recirculation tubes and structures 
25 such as bags, chambers and pouches, filled with imgant fluid, e.g. the 
backing layer of the wound dressing are suitably elastically resilient 
thermoplastic materials that are potentially capable of this function when 
pressure is applied in this way. 

30 The present invention In this aspect provides several advantages. 

One is that application of a positive pressure to the wound under the backing 
layer may make it possible to flood the tissue underlying the wound with one 
or more physiologically active components. 
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This may be effected in thierapeutically active amounts, to promote greater 
wound healing than by treatment with the fluid physiologically active 
component(s) alone. 

5 Such physiologically active components of the exudate that are beneficial to 
wound healing may be e.g. be enzymes or other species and may be 
supplied from the dialysate of a dialytic means for fluid cleansing. 

It is believed that using the apparatus for aspirating, irrigating and/or 
10 cleansing wounds of the present invention cyclically the effects may be 
further enhanced. 

Circulating wound fluid aids in movement of biological signalling molecules 
involved in wound healing to locations in the wound bed that are favourable 
15 to the wound healing process and/or to cells that would othenwise not be 
exposed to them, e.g. in a highly exuding wound. 

This is especially the case in those embodiments of the apparatus of this first 
aspect of the present invention for aspirating, inrigating and/or cleansing 
20 wounds where there is an inlet or outlet manifold from which tubules radiate 
and run to the wound bed to end in openings that deliver and collect the fluid 
directly from the wound bed over an extended area. 

Such materials include cytokines, enzymes, nutrients for wound cells to aid 
25 proliferation, oxygen, and other molecules that are beneficially involved in 
wound healing, such as growth factors, and others having beneficial effects 
(which may be further enhanced) in causing chemotaxis. 

In all embodiments of the apparatus of this first aspect of the present 
30 invention for aspirating, irrigating and/or cleansing wounds, a particular 
advantage is the tendency of the wound dressing to confomi to the shape of 
the bodily part to which it is applied. 

The wound dressing comprises a backing layer with a wound-facing face 
35 which is capable of forming a relatively fluid-tight seal or closure over a 
wound and 
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at least one inlet pipe for connection to a fluid supply tube or recirculation 
tube, whicli passes through and/or under the wound-facing face, and 
and at least one outlet pipe for connection to a fluid offtake tube, which 
passes through and/or under the wound-feeing face, 
5 the point at which the or each inlet pipe and the or each outlet pipe passes 
through and/or under the wound-facing face fomiing a relatively fluid-tight 
seal or closure. 

The tenn 'relatively fluid-tight seal or closure' is used herein to indicate one 
10 which is fluid- and microbe-impermeable and pemiits a positive or negative 
pressure of up to 50% atm., more usually up to 15% atm. to be applied to the 
wound. The term 'fluid' is used herein to include gels, e.g. thick exudate, 
liquids, e.g. water, and gases, such as air, nitrogen, etc. 

15 The shape of the backing layer that Is applied may be any that is appropriate 
to aspirating, Irrigating and/or cleansing the wound across the area of the 
wound. 

Examples of such include a substantially flat film, sheet or membrane, or a 
20 bag, chamber, pouch or other stmcture of the backing layer, e.g. of polymer 
film, which can contain the fluid. 

The backing layer may be a film, sheet or membrane, often with a (generally 
unifonn) thickness of up to 100 micron, preferably up to 50 micron, more 
25 preferably up to 25 micron, and of 1 0 micron minimum thickness. 

Its largest cross-dimension may be up to 500 mm (for example for large torso 
wounds), up to 100 mm (for example for axillary and inguinal wounds), and 
up to 200 mm for limb wounds (for example for chronic wounds, such as 
30 venous leg ulcers and diabetic foot ulcers. 

Desirably the dressing is resiliently defonnable, since this may result In 
increased patient comfort, and lessen the risk of inflammation of a wound. 

35 Suitable materials for it include synthetic polymeric materials that do not 
absorb aqueous fluids, such as polyolefins, such as polyethylene e.g. high- 
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density polyethylene, polypropylene, copolymers thereof, for example with 
vinyl acetate and polyvinyl alcohol, and mixtures thereof; polysiloxanes; 
polyesters, such as polycarbonates; polyamldes, e.g. 6-6 and 6 - 10, and 
hydrophobic polyurethanes. 

5 

They may be hydrophilic, and thus also include hydrophilic polyurethanes. 

They also Include thermoplastic elastomers and elastomer blends, for 
example cbpolymere, such as ethyl vinyl acetate, optionally or as necessary 
10 blended with high-impact polystyrene. 

They further include elastomeric poiyurethane, particularly polyurethane 
fonned by solution casting. 

15 Prefen-ed materials for the present wound dressing include thennoplastic 
elastomers and curable systems. 

The backing layer is capable of forming a relatively fluid-tight seal or closure 
over the wound and/or around the inlet and outlet pipe(s). 

20 

However, in particular around the periphery of the wound dressing, outside 
the relatively fluid-tight seal, it is preferably of a material that has a high 
moisture vapour permeability, to prevent maceration of the skin around the 
wound. It may also be a switchable material that has a higher moisture 
25 vapour penneability when in contact with liquids, e.g. water, blood or wound 
exudate. This may, e.g. be a material that is used in Smith & Nephew's 
Allevyn™, IV3000™ and OpSite™ dressings. 

The periphery of the wound-facing face of the backing layer may bear an 
30 adhesive film, for example, to attach it to the skin around the wound. 

This may, e.g. be a pressure-sensitive adhesive, if that is sufficient to hold 
the wound dressing in place in a fluid-tight seal around the periphery of the 
wound-facing face of the wound dressing. 

35 
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Alternatively or additionally, where appropriate a light switchable adhesive 
could be used to secure the dressing in place to prevent leakage. (A light 
switchable adhesive is one the adhesion of which is reduced by photocuring. 
Its use can be beneficial in reducing the trauma of removal of the dressing.) 

Thus, the backing layer may have a flange or lip extending around the 
proximal face of the backing layer, of a transparent or translucent material 
(for which It will be understood that materials that are listed above are 
amongst those that are suifable). 

This bears a film of a light switchable adhesive to secure the dressing in 
place to prevent leakage on its proximal face, and a layer of opaque material 
on its distal face. 

15 To remove the dressing and not cause excessive trauma in removal of the 
dressing, the layer of opaque material on the distal face of the flange or lip 
extending around the proximal wound is removed prior to application of 
radiation of an appropriate wavelength to the flange or lip. 

20 If the periphery of the wound dressing, outside the relatively fluid-tight seal, 
that bears an adhesive film to attach it to the skin around the wound, is of a 
material that has a high moisture vapour permeability or is a switchable 
material, then the adhesive film, if continuous, should also have a high or 
switchable moisture vapour permeability, e.g. be an adhesive such as used 

25 in Smith & Nephew's Allevyn™, IV3000™ and OpSite™ dressings. 

NMiere a vacuum, is applied to hold the wound dressing in place in a fluid- 
tight seal around the periphery of the wound-facing face of the wound 
dressing, the wound dressing may be provided with a silicone flange or lip to 
30 seal the dressing around the wound. This removes the need for adhesives 
and associated trauma to the patient's skin. 

Where the interior of, and the flow of irrigant and/or wound exudate to and 
through, the dressing is under any significant positive pressure, which will 
35 tend to act at peripheral points to lift and remove the dressing off the skin 
around the wound. 
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In such use of the apparatus, it may thus be necessary to provide means for 
forming and maintaining such a seal or closure over the wound against such 
positive pressure on the wound, to act at peripheral points for this purpose. 

5 

Examples of such means Include light switchable adhesives, as above, to 
secure the dressing In place to prevent leakage. 

Since the adhesion of a light switchable adhesive is reduced by photocuring, 
10 thereby reducing the trauma of removal of the dressing, a film of a more 
aggressive adhesive may be used, e.g. on a flange, as above. 

Examples of suitable fluid adhesives for use in more extreme conditions 
where trauma to the patient's skin is tolerable include ones that consist 
15 essentially of cyanoacrylate and like tissue adhesives, applied around the 
edges of the wound and/or the proximal face of the backing layer of the 
wound dressing, e.g. on a flange or lip. 

Further suitable examples of such means include adhesive (e.g. with 
20 pressure-sensitive adhesive) and non-adhesive, and elastic and non-elastic 
straps, bands, loops, strips, ties, bandages, e.g. compression bandages, 
sheets, covers, sleeves, jackets, sheathes, wraps, stockings and hose, e.g. 
elastic tubular hose or elastic tubular stockings that are a compressive fit 
over a limb wound to apply suitable pressure to it when the therapy is applied 
■25 in this way; and inflatable cuffe, sleeves, jackets, trousers, sheathes, wraps, 
stockings and hose that are a compressive fit over a limb wound to apply 
suitable pressure to It when the therapy is applied in this way. 

Such means may each be laid out over the wound dressing to extend beyond 
30 the periphery of the backing layer of the wound dressing, and as appropriate 
will be adhered or othenwise secured to the skin around the wound and/or 
itself and as appropriate will apply compression (e.g. with elastic bandages, 
stockings) to a degree that is sufficient to hold the wound dressing in place in 
a fluid-tight seal around the periphery of the wound, 
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Such means may each be integral with the other components of the dressing, 
in particular the backing layer. 

Alternatively, it may be pemianently attached or releasably attached to the 
5 dressing, in particular the backing layer, with an adhesive film, for example, 
or these components may be a Velcro ™. push snap or twist-lock fit with 
each other. 

The means and the dressing may be separate structures, pemnanently 
1 0 unattached to each other. 

In a more suitable layout for higher positive pressures on the wound, a stiff 
flange or lip extends around the periphery of the proximal face of the backing 
layer of the wound dressing as hereinbefore defined. 



15 



The flange or lip is concave on its proximal face to define a peripheral 
channel or conduit. 



It has a suction outlet that passes through the flange or lip to communicate 
20 with the channel or conduit and may be connected to a device for applying a 
vacuum, such as a pump or a piped supply of vacuum. 

The backing layer may be integral with or attached, for example by heat- 
sealing, to the flange or lip extending around its proximal face. 

25 . ^ ^ 

To form the relatively fluid-tight seal or closure over a wound that is needed 

and to prevent passage of irrigant and/or exudate under the periphery of the 

wound-facing face of the wound dressing, in use of the apparatus, the 

dressing is set on the skin around the wound. 

30 

The device then applies a vacuum to the interior of the flange or Up, thus 
fonning and maintaining a seal or closure acting at peripheral points around 
the wound against the positive pressure on the wound. 

35 With all the foregoing means of attachment, and means for fomning and 
maintaining a seal or closure over the wound, against positive or negative 



wo 2004/037334 



PCT/GB2003/004647 

15 



pressure on the wound at peripheral points around the wound, the wound 
dressing sealing periphery is preferably of a generally round shape, such as 
an ellipse, and in particular circular. 

5 To form the relatively fluid-tight seal or closure over a wound and around the 
Inlet pipe(s) and outlet pipe(s) at the point at which they pass through and/or 
under the wound-feeing face, the backing layer may be Integral with these 
other components. 

10 The components may alternatively just be a push, snap or twist-lock fit with 
each other, or adhered or heat-sealed together. 

The or each inlet pipe or outlet pipe may be in the form of an aperture, such 
as a funnel, hole, opening, orifice, luer, slot or port for connection as a female 
15 member respectively to a mating end of 

a fluid recirculation tube and/or fluid supply tube (optionally or as necessary 
via means for forming a tube, pipe or hose, or nozzle, hole, opening, orifice, 
luer, slot or port for connection as a male member respectively to a mating 
end of 

20 a fluid recirculation tube and/or fluid supply tube (optionally or as necessary 
via means for flow switching between supply and recirculation) or 
a fluid offtake tube. 

Where the components are integral they will usually be made of the same 
25 material (for which it will be understood that materials that are listed above 
are amongst those that are suitable). 

Where, alternatively, they are a push, snap or twist-lock fit, the may be of the 
same material or of different materials. In either case, materials that are 
30 listed above are amongst those that are suitable for all the components. 

The or each pipe will generally pass through, rather than under the backing 
layer. In such case, the backing layer may often have a rigid and/or 
resiliently inflexible or stiff area to resist any substantial play between the or 
35 each pipe and the or each mating tube, or defomiation under pressure in any 
direction. 
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It may often be stiffened, reinforced or otiienwise strengthened by a boss 
projecting distally (outwardly firom the wound) around each relevant tube, 
pipe or hose, or nozzle, hole, opening, orifice, luer, slot or port for connection 
5 to a mating end of a fluid recirculation tube and/or fluid supply tube or fluid 
offtake tube. 

Altematlvely or additionally, where appropriate the backing layer may have a 
stiff flange or lip extending around the proximal face of the backing layer to 
1 0 stiffen, reinforce or othenwise strengthen the backing layer. 

The wound dressing may not comprise any integer under the backing layer in 
the wound in use. 

1 5 However, this may not provide a system to distribute Irrigant over a sufficient 
functional surface area to imgate the wound at a practical rate. To be 
suitable for use. in particular in chronic wound dialysis, with relatively high 
concentrations of materials that are deleterious to wound healing. It may be 
advantageous to provide a system where wound irrigant and/or wound 

20 exudate may be distributed more evenly, or pass in a more convoluted path 
under the dressing over the wound bed. 

Accordingly, one fomi of the dressing is provided with a 'tree' fonn of pipes, 
tubes or tubules that radiate from an inlet manifold to the wound bed to end 
25 in apertures and deliver the circulating fluid directly to the wound bed via the 
apertures. Similarly, there is an outlet manifold from which tubules radiate 
and mn to the wound bed to end in openings and collect the fluid directly 
from the wound bed. 

30 The pipes, etc. may radiate regularly or in-egularly through the wound in use. 
respectively from the inlet or outlet manifold, although regularly may be 
prefen-ed. A more suitable layout for deeper wounds is one in which the 
pipes, etc. radiate hemispherically and concentrically, to the wound bed. 
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For shallower wounds, examples of suitable forms of such layout of the 
pipes, etc. include ones in which the pipes, etc. radiate in a flattened 
hemiellipsoid and concentrically, to the wound bed. 

5 Other suitable forms of layout of the pipes, etc. include one which have 
pipes, tubes or tubules extending from the inlet pipe(s) and/or outlet pipe(s) 
at the point at which they pass through and/or under the wound-facing face of 
the backing layer to run over the wound bed. These may have a blind bore 
with perforations, apertures, holes, openings, orifices, slits or slots along the 

10 pipes, etc. 

These pipes, etc. then effectively form an inlet pipe manifold that delivers the 
circulating fluid directly to the wound bed or outlet pipe or collects the fluid 
directly from the wound respectively. 

It does so via the holes, openings, orifices, slits or slots in the tubes, pipes, 
tubules, etc. over most of the wound bed under the backing layer. 



15 



It may be desirable that the tubes, pipes or tubules are resiliently flexible, e.g. 
20 elastomeric, and preferably soft, structures with good conformability in the 
wound and the interior of the wound dressing. 

When the therapy is applied in this way, the layout of the tubes, pipes, 
tubules, etc. may depend on the depth and/or capacity of the wound. 

25 

Thus, for shallower wounds, examples of suitable forms of such layout of the 
tubes, pipes, tubules, etc. include ones that consist essentially of one or 
more of the tubes, etc in a spiral. 

A more suitable layout for deeper wounds when the therapy is applied in this 
30 way may be one which comprises one or more of the tubes, etc in a helix or 
spiral helix. 

Other suitable layouts for shallower wounds include one which have blind- 
bore, perforated inlet pipe or outlet pipe manifolds that circulate fluid in the 
35 wound when the dressing is in use. 
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One or both of these may be such a form, the other may be, e.g. one or more 
straight blind-bore, perforated radial tubes, pipes or nozzles. 

Another suitable layout is one in which 
5 an Inlet pipe and/or outlet pipe manifold that delivers the circulating fluid 
directly to the wound bed or collects the fluid directly from the wound 
respectively 

via inlet and/or outlet tubes, pipes or tubules, 

and the inlet manifold and/or outlet manifold is fonned by slots In layers 
1 0 permanently attached to each other in a stack, and 

the Inlet and/or outlet tubes, pipes or tubules are fonned by apertures 
through layers permanently attached to each other in a stack. (In Figure 10a 
there is shown an exploded isometric view of such a stack, which is non- 
limiting.) 

15 

As also mentioned herein, the backing layer that is applied may be any that is 
appropriate to the present system of therapy and permits a positive or 
negative pressure of up to 50% atm., more usually up to 25% atm. to be 
applied to the wound. 

20 

It is thus often a microbe-impermeable film, sheet or membrane, which is 
substantially flat, depending on any pressure differential on it, and often with 
a (generally uniform) thickness similar to such films or sheets used in 
conventional wound dressings, i.e. up to 100 micron, preferably up to 50 
25 micron, more preferably up to 25 micron, and of 10 micron minimum 
thickness. 

The backing layer may often have a rigid and/or resiliently inflexible or stiff 
area to resist any substantial play between other components that are not 
30 mutually integral, and may be stiffened, reinforced or othenwise strengthened, 
e.g. by a projecting boss. 

Such a form of dressing would not be very conformable to the wound bed, 
and may effectively form a chamber, hollow or cavity defined by a backing 
35 layer and the wound bed under the backing layer. 
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It may be desirable that the Interior of the wound dressing confomi to the 
wound bed, even for a wound in a highly exuding state. Accordingly, one 
fomi of the dressing is provided with a wound filler under the backing layer. 

This is favourably a resiliently flexible, e.g. elastomeric, and preferably soft, 
structure with good confonriability to wound shape. 

It is urged by its own resilience against the backing layer to apply gentle 
pressure on the wound bed. 

The wound filler may be integral with the other components of the dressing, 
in particular the backing layer. 

Alternatively, it may be permanently attached to them/it, with an adhesive 
15 film, for example, or by heat-sealing, e.g. to a flange or lip extending from the 
proximal face, so a not to disrupt the relatively fluid-tight seal or closure over 
the wound that is needed. 

Less usually, the wound filler is releasably attached to the backing layer, with 
20 an adhesive film, for example, or these components may be a push, snap or 
twist-lock fit with each other. 

The wound filler and the backing layer may be separate structures, 
permanently unattached to each other. 

25 

The wound filler may be or comprise a solid integer, favourably a resiliently 
flexible, e.g. elastomeric. and preferably soft, structure with good 
conformability to wound shape. 

30 Examples of suitable fonns of such wound fillers are foams formed of a 
suitable material, e.g.. a resilient thennoplastic. Preferred materials for the 
present wound dressing include reticulated filtration polyurethane foams with 
small apertures or pores. 

35 Alternatively or additionally, it may be in the fonn of, or comprise one or more 
confonnable hollow bodies defined by a film, sheet or membrane, such as a 
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bag, chamber, pouch or other structure, filled with a fluid or solid that urges it 
to the wound shape. 

The film, sheet or membrane, often has a (generally uniform) thickness 
5 similar to that of films or sheets used In conventional wound dressing backing 
layers. 

That is, up to 100 micron, preferably up to 50 micron, more preferably up to 
25 micron, and of 10 micron minimum thickness, and Is often resiliency 
10 flexible, e.g. elastomeric, and preferably soft. 

Such a filler is often integral with the other components of the dressing, in 
particular the backing layer, or pemnanently attached to them/it, with an 
adhesive film, for example, or by heat-sealing, e.g. to a flange 

15 

Examples of suitable fluids contained in the hollow body or bodies defined by 
a film, sheet or membrane include gases, such as air, nitrogen and argon, 
more usually air, at a small positive pressure above atmospheric; and liquids, 
such as water, saline. 

20 

Examples also include gels, such as silicone gels, e.g. CaviCare™ gel, or 
preferably cellulosic gels, for example hydrophilic cross-linked cellulosic gels, 
such as Intrasite ™ cross-linked materials. Examples also include aerosol 
foams, where the gaseous phase of the aerosol system is air or an inert gas, 
25 such as nitrogen or argon, more usually air, at a small positive pressure 
above atmospheric; and solid particulates, such as plastics crumbs. 

Of course, if the backing layer is a sufficiently confomnable and/or e.g. an 
upwardly dished sheet, the backing layer may lie under the wound filler, 
30 rather than vice versa. 

In this type of layout, in order for the wound filler to urge the wound dressing 
towards the wound bed, it will usually have to be firmly adhered or othenwise 
releasably attached to the skin around the wound. This is especially the case 
35 in those embodiments where the wound filler and the backing layer are 
separate structures, permanently unattached to each other. 
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In such a layout for deeper wounds when the therapy is applied in this way, 
the means for such attachment may also form and maintain a seal or closure 
over the wound. 

. 5 

Where the filler is over the backing layer, and the fluid inlet pipe(s) and outlet 
pipe(s) pass through the wound-facing face of the backing layer, they may 
run through or around the wound filler over the backing layer. 

10 One form of the dressing Is provided with a wound filler under the backing 
layer that is or comprises a resiliently flexible, e.g. elastomeric, and 
preferably soft, hollow body defined by a film, sheet or membrane, such as a 
bag, chamber, pouch or other structure, with apertures, holes, openings, 
orifices, slits or slots, or tubes, pipes, tubules or nozzles. It communicates 

15 with at least one inlet or outlet pipe through at least one aperture, hole, 
opening, orifice, slit or slot. 

The fluid contained in the hollow body may then be the circulating fluid in the 
apparatus. 

20 

The hollow body or each of the hollow bodies then effectively fomis an Inlet 
pipe or outlet pipe manifold that delivers the circulating fluid directly to the 
wound bed or collects the fluid direcHy from the wound respectively via the 
holes, openings, orifices, slits or slots, or the tubes, pipes or hoses, etc. in 
25 the film, sheet or membrane. 

When the therapy is applied in this way, the type of the filler may also be 
largely determined by the depth and/or capacity of the wound. 

30 Thus, for shallower wounds, examples of suitable wound fillers as a 
component of a wound dressing include ones that consist essentially of one 
or more conformable hollow bodies defining an inlet pipe and/or outlet pipe 
manifold that delivers the circulating fluid directly to the wound bed or collects 
the fluid directly from the wound. 

35 
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A more suitable wound filler for deeper wounds when the therapy Is applied 
in this way may be one which comprises one or more confomnable hollow 
bodies defined by, for example a polymer film, sheet or membrane, that at 
least partly surround(s) a solid integer. This may provide a system with 
5 better rigidity for convenient handling. 

Unless the wound filler under the backing layer effectively fomns an inlet pipe 
or outlet pipe manifold with a direct connection between the inlet pipe(s) and 
outlet pipe(s) at the point at which they pass through and/or under the 

10 wound-facing face and the wound bed is present, in order for aspiration 
and/or imgation of the wound bed to occur, it is appropriate for one or more 
bores, channels, conduits, passages, pipes, tubes, tubules and/or spaces, 
etc. to run from the point at which the fluid inlet pipe(s) and outlet pipe(s) 
pass through and/or under the wound-facing face of the backing layer 

1 5 through or around the wound filler under the backing layer. 

Less usually, the wound filler is an open-cell foam with pores that may fomi 
such bores, channels, conduits, passages and/or spaces through the wound 
filler under the backing layer. 

Where the filler is or comprises one or more confomnable hollow bodies 
defined by. for example a polymer film, sheet or membrane, it may be 
provided with means for admitting fluids to the wound bed under the wound 
dressing. 

These may be in the fonn of pipes, tubes, tubules or nozzles running from 
the point at which the fluid inlet pipe(s) and outlet pipe(s) pass through and/or 
under the wound-facing face of the backing layer through or around the 
wound filler under the backing layer. 

All of the suitable layouts for shallower wounds that comprise blind-bore, 
perforated inlet pipe or outlet pipe manifolds that circulate fluid in the wound 
when the dressing is in use, that are described hereinbefore, may be used 
under a wound filler under the backing layer. 

In brief, suitable layouts include ones where one or both manifolds are 



20 



25 



30 



35 



wo 2004/037334 



23 



PCT/GB2003/004647 



annular or toroidal (regular, e.g. elliptical or circular, or irregular), optionally 
with blind-bore, perforated radial tubes, pipes or nozzles, branching from the 
annulus or torus; and/or 

in a meandering, tortuous, winding, zigzag, serpentine or boustrophedic (i.e. 
5 in the manner of a ploughed funrow) pattern, or 

defined by slots in and apertures through layers attached to each other in a 
stack. 

The inlet and/or outlet tubes, the fluid recirculation tube and the fluid supply 
10 tube, etc. may be of conventional type, e.g. of elliptical or circular cross- 
section, and may suitably have a unifomn cylindrical bore, channel, conduit or 
passage throughout their length. 

Depending on the desired fluid volume flow rate of irrigant and/or wound 
15 exudate from the wound, and the desired amount in recirculation, suitably the 
largest cross-dimension of the bore may be up to 10 mm for large torso 
wounds, and up to 2 mm for limb wounds. 

The tube walls should suitably thicic enough to withstand any positive or 
20 negative pressure on them, in particular if the volume of inigant and/or 
wound exudate from the wound in recirculation is increased by continuing 
addition to it of wound exudate, and/or fluid passing from a cleansing fluid 
through a selectively pemieable Integer, for example the polymer film, sheet 
or membrane of a two-phase system, such as an dialysis unit. However, as 
25 noted below with regard to pumps, the prime purpose of such tubes is to 
convey fluid inigant and exudate through the length of the apparatus flow 
path, rather than to act as pressure vessels. The tube walls may suitably be 
at least 25 micron thick. 

30 The bore or any perforations, apertures, holes, openings, orifices, slits or 
slots along the pipes, etc. or in the hollow body or each of the hollow bodies 
may be of small cross-dimension. 

They may then effectively fonri a macroscopic and/or microscopic filter for 
35 particulates including cell debris and micro-organisms, whilst allowing 
proteins and nutrients to pass through. 
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Such tubes, pipes or hoses, etc. through and/or around the filler, whether the 
latter is a solid integer and/or one or more reslliently flexible or confomiable 
hollow bodies, are described in further detail hereinbefore in connection with 
5 the Inlet pipe(s) and outlet pipe(s). 

The whole length of the apparatus for aspirating, inigating and/or cleansing 
wounds should be microbe-impemieable once the wound dressing is over 
the wound in use. 

10 

It is desirable that the wound dressing and the interior of the apparatus for 
aspirating, irrigating and/or cleansing wounds of the present Invention is 
sterile. 

15 The fluid may be sterilised in the fluid reservoir and/or the rest of the system 
in which the fluid recirculates, including the means for fluid cleansing, by 
ultraviolet, gamma or electron beam Irradiation. This way. in particular 
reduces or eliminates contact of intemal surfaces and the fluid with any 
sterilising agent. 

20 

Examples of other methods of sterilisation of the fluid also Include e.g. the 
use of 

ultrafiltration through microapertures or micropores, e.g. of 0.22 to 0.45 
micron maximum cross-dimension, to be selectively impemneable to 

25 microbes; and 

fluid antiseptics, such as solutions of chemicals, such as chlorhexldine and 
povidone iodine; metal ion sources, such as silver salts, e.g. silver nitrate; 
and hydrogen peroxide; 

although the latter involve contact of intemal surfaces and the fluid with the 
30 sterilising agent. 

It may be desirable that the interior of the wound dressing, the rest of the 
system in which the fluid recirculates, and/or the wound bed. even for a 
wound in a highly exuding state, are kept sterile after the fluid is sterilised in 
35 the fluid reservoir, or that at least naturally occurring microbial growth Is 
inhibited. 
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Thus, materials that are potentially or actually beneficial in this respect may 
be added to the irrigant initially, and as desired the amount in recirculation 
increased by continuing addition. 

5 

Examples of such materials include antibacterial agents (some of which are 
listed above), and antifungal agents. 

Amongst those that are suitable are, . for example triclosan, iodine, 
10 metronidazole, cetrimide, chlorhexidine acetate, sodium undecylenate, 
chlorhexidine.and iodine. 

Buffering agents, such as potassium dihydrogen phosphate/ disodium 
hydrogen phosphate, may be added to adjust the pH, as may local 
15 analgesics/anaesthetics, such as lidocaine/lignocaine hydrochloride, 
xylocaine (adrenoline, lidocaine) and/or anti-inflammatories, to reduce wound 
pain or Inflammation or pain associated with the dressing. 

It is also desirable to provide a system in which physiologically active 
20 components of the exudate that are beneficial to wound healing are not 
removed before or after the application of fluid cleansing. 
This may occur, e.g. by the passive deposition of materials that are beneficial 
in promoting wound healing, such as proteins, e.g. growth factors. 

25 This may occur at any point in the flow path, e.g. in at least one inlet or outlet 
pipe. 

The deposition of materials that are beneficial in promoting wound healing 
may be combated as follows: 
30 a) extra materials may be added to the irrigant initially, and as desired the 

amount in recirculation increased by continuing addition, or 
b) a repellent coating may be used at any point or on any integer in the 

recirculation path in direct contact with the fluid, e.g. on the means for 

fluid cleansing or any desired tube or pipe. 
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Examples of coating materials for surfaces over which the circulating fluid 
passes include 

anticoagulants, such as heparin, and 

high surface tension materials, such as PTFE. and polyamides, 
5 which are useful for growth factors, enzymes and other proteins and 
derivatives. 

The apparatus of the invention for aspirating, irrigating and/or cleansing 
wounds is provided with means for admitting fluids directly or indirectly to the 
10 wound under the wound dressing in the fomn of a fluid supply tube to a fluid 
reservoir. 

The fluid resen/oir may be of any conventional type, e.g. a tube, bag (such as 
a bag typically used for blood or blood products, e.g. plasma, or for infusion 
15 feeds, e.g. of nutrients), chamber, pouch or other structure, e.g. of polymer 
film, which can contain the irrigant fluid. 

The reservoir may be made of a film, sheet or membrane, often with a 
(generally uniform) thickness similar to that of films or sheets used in 
20 conventional wound dressing backing layers, I.e. up to 100 micron, preferably 
up to 50 micron, more preferably up to 25 micron, and of 10 micron minimum 
thickness, and is often a resillently flexible, e.g. elastomerlc. and preferably 
soft, hollow body. 

25 In all embodiments of the apparatus the type and material of the tubes 
throughout the apparatus of the Invention for aspirating, irrigating and/or 
cleansing wounds and the fluid reservoir will be largely detemnined by their 
function. 

30 To be suitable for use, in particular on chronic timescales, the material should 
be non-toxic and biocompatible, inert to any active components, as 
appropriate of the irrigant from the fluid reservoir and/or wound exudate In 
the apparatus flow path, and, in any use of a two-phase system dialysis unit, 
of the dialysate that moves into the circulating fluid in the apparatus. 
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When in contact with irrigant fluid, it should not allow any significant amounts 
of extractables to diffuse finely out of it In use of the apparatus. 

It should be sterilisable by ultraviolet, gamma or electron beam inradlation 
5 and/or with fluid antiseptics, such as solutions of chemicals, fluid- and 
microbe-impermeable once in use, and flexible. 

Examples of suitable materials for the fluid reservoir include synthetic 
polymeric materials, such as polyolefins, such as polyethylene, e.g. high- 
10 density polyethylene and polypropylene. 

Suitable materials for the present purpose also include copolymers thereof, 
for example with vinyl acetate and mixtures thereof. Suitable materials for 
the present purpose further include medical grade poly(vinyl chloride). 

15 

Notwithstanding such polymeric materials, the fluid reservoir will often have a 
stiff area to resist any substantial play between it and components that are 
not mutually integral, such as the fluid supply tube towards the wound 
dressing, and may be stiffened, reinforced or otherwise strengthened, e.g. by 
20 a projecting boss. 

The device for moving fluid through the wound and means for fluid cleansing 
may be any appropriate for this purpose, and may act at any appropriate 
point for this purpose. 

25 

It may apply a positive or negative pressure to the wound, although its prime 
purpose is to move fluid (irrigant from the fluid reservoir and/or wound 
exudate through the length of the apparatus flow path, rather than to apply a 
positive or negative pressure to the wound. 

30 

If applied to the fluid in recirculation in the fluid recirculation tube upstream of 
and towards the wound dressing and/or the fluid in the fluid supply tube 
towards the wound dressing (optionally or as necessary via means for flow 
switching between supply and recirculation), it will usually apply positive 
35 pressure (i.e. above-atmospheric pressure) to the wound bed. 
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Often the means for fluid cleansing is (most appropriately for its purpose) 
downstream of the wound dressing, and provides the highest resistance in 
the flow path. This is especially the case where the means for fluid cleansing 
is a single-phase system, e.g. with ultrafiltration through microapertures or 
5 micropores, thus enhancing applied positive pressure to the wound. 

Where the device is applied to the fluid in recirculation in the fluid 
recirculation tube and/or the fluid in the fluid offtake tube downstream of and 
away from the wound dressing, it will usually apply negative pressure (I.e. 
1 0 below-atmospheric pressure or vacuum) to the wound bed. 

Again, often the means for fluid cleansing is (most appropriately for its 
purpose) downstream of the wound dressing, and provides the highest 
resistance in the flow path, thus enhancing applied negative pressure to the 
15 wound. 



The following types of pump may be used as desired: 



reciprocating pumps, such as: 
20 shuttle pumps - with an oscillating shuttle mechanism to move fluids at 

rates from 2 to 50 ml per minute; 
diaphragm pumps - where pulsations of one or two flexible diaphragms 

displace liquid while check valves control the direction of 

the fluid flow. 

25 piston pumps - where pistons pump fluids through check valves, in 

particular for positive and/or negative pressure on the 
wound bed; 



rotary pumps, such as: 
30 centrifugal pumps 
flexible impeller 

pumps - where elastomeric impeller traps fluid between impeller 

blades and a moulded housing that sweeps fluid through 
the pump housing. 

35 progressing cavity 
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- \Anth a cooperating screw rotor and stator, in particular 
for higher-viscosity and particulate-filled exudate; 

- with rotating vaned disl< attached to a drive shaft 
moving fluid without pulsation as it spins. The outlet can 
be restricted without damaging the pump. 

- with peripheral rollers on rotor arms acting on a flexible 
fluid circulation tube to urge fluid current flow in the tube 
in the direction of the rotor. 

- with pressure regulators. 
10 

The type and/or capacity of the device will be largely determined by 

a) the appropriate or desired fluid volume flow rate of irrigant and/or 
wound exudate from the wound, and 

b) whether it is appropriate or desired to apply a positive or negative 
15 pressure to the wound bed, and the level of such pressure to the 

wound bed 

for optimum perfomnance of the wound healing process, and by fectors such 
as portability, power consumption and isolation from contamination. 

20 Such a device may also suitably be one that is capable of pulsed, 
continuous, variable, reversible and/or automated and/or programmable fluid 
movement. It may in particular be a pump of any of these types. 

In practice, even from a wound in a highly exuding state, such a rate of 
25 exudate flow is only of the order of up to 75 microlitres / crcfl hr (where cm^ 
refers to the wound area), and the fluid can be highly mobile (owing to the 
proteases present). Exudate levels drop and consistency changes as the 
wound heals, e.g. to a level for the same wound that equates to 12.6 - 25 
microlitres /cm^/hr. 

30 

Where materials deleterious to wound healing are removed by a two-phase 
system (see below.), such as a dialysis unit, fluid is also potentially lost to the 
system through the means for fluid cleansing. 



pumps 

rotary vane pumps 

5 

peristaltic pumps 
vacuum pumps 
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This may occur, e.g. through a dialysis polymer film, sheet or membrane 
which is also permeable to water, in addition to materials deleterious to 
wound healing. 

5 The balance of fluid in recirculation may thus further decrease, but may be 
adjusted to minimise this undesired loss in a routine manner as described 
hereinbefore. 

Hence, it will be seen that the circulating fluid from the wound will typically 
10 contain a preponderance of im'gant over wound exudate in recirculation from 
the fluid reservoir. 

The type and/or capacity of the device will thus be largely determined in this 
respect by the appropriate or desired fluid volume flow rate of irrigant, rather 
1 5 than that of exudate, from the wound. 

In practice, such a rate of flow of total irrigant and/or wound exudate will be of 
the order of 1 to 1000, e.g. 3 to 300, and less preferably 1 to 10 ml / cm^/ 24 
hour, where the cm^ refers to the wound area. 

20 

The volume of irrigant and/or wound exudate in recirculation may vary over a 
wide range, but will typically be e.g. 1 to 8 I. (for example for large torso 
wounds), 200 to 1500 ml (for example for axillary and inguinal wounds), and 
0.3 to 300 ml for limb wounds when the therapy is applied In this way. 

25 

In practice, suitable pressures are of the order of up to 25% atm such as up 
to 10% atm. positive or negative pressure on the wound bed, the apparatus 
being operated as a closed recirculating system. 

30 The higher end of these ranges are potentially more suitable for hospital use, 
where relatively high % pressures and/or vacua may be used safely under 
professional supervision. 

The lower end is potentially more suitable for home use, where relatively high 
35 % pressures and/or vacua cannot be used safely without professional 
supervision, or for field hospital use. 
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The device may be a peristaltic pump or diaphragm pump, e.g. preferably a 
small portable diaphragm or peristaltic pump. These are preferred types of 
pump, in order In particular to reduce or eliminate contact of intemal surfaces 
5 and moving parts of the pump with (chronic) wound exudate, and for ease of 
cleaning. 

It may suitably be one that applies positive pressure to the wound and/or the 
means for fluid cleansing. A preferred pump when the applied pressure is 
10 positive Is a peristaltic pump, e.g. a small, portable peristaltic pump, mounted 
upstream of the means for fluid cleansing. 

Where the pump is a peristaltic pump, this may be e.g. an Instech Model 
P720 miniature peristaltic pump, with a flow rate: of 0.2 - 180ml/hr and a 
1 5 weight of < 0.5 k. This is potentially useful for home and field hospital use. 

The pump may suitably be one that applies negative pressure to the wound 
and/or the means for fluid cleansing. 

A prefen-ed pump when the applied pressure is negative Is a diaphragm 
20 pump, e.g. a small, portable diaphragm pump, mounted downstream of the 
dressing or the means for fluid cleansing. 

Where the pump is a diaphragm pump, and preferably a small portable 
diaphragm pump, the one or two flexible diaphragms that displace liquid may 
25 each be, for example a polymer film, sheet or membrane, that Is connected 
to means for creating the pulsations. This may be provided in any form that 
Is convenient, inter alia as a piezoelectric transducer, a core of a solenoid or 
a ferromagnetic integer and coil in which the direction of current flow 
alternates, a rotary cam and follower, and so on. 

30 

The outlet from the dressing passes to the means for fluid cleansing for 
removal of materials deleterious to wound healing from wound exudate, and 
in turn to the fluid recirculation tube(s). 

35 The apparatus of the Invention for aspirating, irrigating and/or cleansing 
wounds is provided with means for fluid cleansing, which may be 
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30 



a) a single-phase system, such as an ultrafiltration unit, or a chemical 
absorption and/or adsorption unit; or 

b) a two-phase system, such as a dialysis unit, or a biphasic extraction 

unit. 

In the former, circulating fluid from the wound and the fluid reservoir passes 
through a self-contained system in which materials deleterious to wound 
healing are removed and the cleansed fluid, still containing materials that are 
beneficial in promoting wound healing are retumed to the wound. 

The single-phase system may be of any conventional type. 



Examples of the means for fluid cleansing in such a system include a macro- 
or microfiltration unit, which appropriately comprises one or more 
1 5 macroscopic and/or microscopic filters. 

These are to retain particulates, e.g. cell debris and micro-organisms, 
allowing proteins and nutrients to pass through. 

20 Altematively, they also include an ultrafiltration unit, such as a one In which 
the cleansing integer is a filter for materials deleterious to wound healing, for 
example a high throughput, low protein-binding polymer film, sheet or 
membrane which is selectively impemieable to materials deleterious to 
wound healing, which are removed and the cleansed fluid, still containing 

25 materials that are beneficial in promoting wound healing is passed by it. 

The membrane may preferably be of a hydrophilic polymeric material, such 
as a cellulose acetate - nitrate mixture, polyvinylidene chloride, and, for 
example hydrophilic polyurethane. 



Examples of less prefen^ed materials include hydrophobic materials also 
including polyesters, such as polycarbonates, PTFE, and polyamides. e.g. 6- 
6 and 6 - 10. and hydrophobic polyurethanes. and quartz and glass fibre. 
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It has microapertures or micropores, the maximum cross-dimension of which 
will largely depend on the species that are to be selectively removed in this 
way and those to which it is to be permeable. 

5 The former may be removed with microapertures or micropores, e.g. typically 
with a maximum cross-dimension in the range of 20 to 700 micron, e.g. 20 to 
50 nm (for example for undesired proteins). 50 to 100 nm, 100 to 250 nm, 
250 to 500 nm and 500 to 700 nm. 

10 

The filter integer may be a flat sheet or a membrane of a polymeric matenal 
In a more convoluted fomi, e.g. in the fomi of elongate structure, such as 
pipes, tubules, etc. 

15 The system may be a chemical adsorption unit, for example one in which a 
particulate, such as a zeolite, or a layer, e.g. of a functionalised polymer has 
sites on its surface that are capable of removing materials deleterious to 
wound healing on passing the circulating fluid from the wound and the fluid 
reservoir over them. 

20 

The materials may be removed, e.g. by destroying or binding the materials 
that are deleterious to wound healing, by, for example chelators and/or ion 
exchangers, degraders, which may be enzymes. 

25 Examples of such also include less specific chemical absorption and/or 
adsorption units, for example one in which a physical absorbent, such as 
activated cartoon or a zeolite, has non-specific sites on its surface that are 
capable of removing materials deleterious to wound healing on passing the 
circulating fluid from the wound and the fluid reservoir over them. 

30 

The cleansing integer, for example the polymer film, sheet or other chemical 
absorption and/or adsorption means, etc should of course be capable of 
removing materials deleterious to wound healing at a practical rate for a 
given capacity of the apparatus flow path and the flow rate of imgant. 
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In the two-phase system, circulating fluid from the wound and the fluid 
reservoir In indirect or (less usually, direct) contact with a second fluid 
(dialysate) phase, more usually a liquid. 

5 Thus, in one fomri, a biphasic liquid extraction unit, the second fluid phase Is 
(usually) a liquid that is immiscible with the drculating fluid from the dressing, 
over a surface of which the circulating fluid passes in direct contact with the 
cleansing fluid. Materials deleterious to wound healing are removed into the 
dialysate, and the cleansed fluid, still containing materials that are beneficial 
10 in promoting wound healing, is retumed via the recirculation tube to the 
wound bed. 

Examples of such means for fluid cleansing include those wherein the 
second fluid (dialysate) phase is perfluorodecalin and like materials 

15 

Altematively, where appropriate it may be provided in a fomi in which the two 
fluids (recirculation fluid and dialysate) are separated by a significantly two- 
dimensional integer, for example a polymer film, sheet or membrane or 
hollow fibre or filament that is penneable to materials in the circulating fluid in 
20 the apparatus. 

Again, materials deleterious to wound healing are removed into the dialysate, 
and the cleansed fluid, still containing materials that are beneficial in 
promoting wound healing, is returned via the recirculation tube to the wound 
bed. 

25 

In either fonn in which the two-phase system, such as a dialysis unit, is 
provided, in use typically the dialysate moves past the circulating fluid in the 
apparatus in a co- or preferably counter-current direction. 

30 Pumps, such as peristaltic pumps, and/or valves control the direction of the 
two fluid flows. 

However, the cleansing fluid may less usually be static, although this may not 
provide a system with sufficient (dynamic) surface area to remove materials 
35 deleterious to wound healing from wound exudate at a practical rate. 
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10 



15 



Typical dialysate flow rates in a dialytic means for fluid cleansing m the 
present apparatus for aspirating, irrigating and/or cleansing wounds are 
those used in the conventional type of two-phase system, such as a dialysis 
unit for systemic therapy. 

The integer may be a film, sheet or membrane, often of the same type and 
of the same (generally unifomi) thickness, as those used in conventional two- 
phase system, such as a dialysis unit for systemic therapy. 

The film, sheet or membrane may be substantially flat, and depending on any 
pressure differential across it may require other materials on or in it to strffen. 
reinforce or othenwise strengthen it. 

However, this may not provide a system with sufficient functional surface 
- area to remove materials deleterious to wound healing from wound exudate 
at a practical rate. 

To be suitable for use. in particular in chronic wound dialysis, with relatively 
high concentrations of materials that are deleterious to wound healing, it may 
be advantageous to provide a system in which the film, sheet or membrane 
of a polymeric material is in a more convoluted fomi. 

This may be in the fomi of elongate structures, such as pipes, tubes hollow 
fibres or filaments or tubules of a round cross-section. e.g. elliptical or 
25 circular, e.g. in a parallel array with spaces therebetween. 

The wound irrigant and/or wound exudate may recirculate through the inside 
and the cleansing fluid may pass into the spaces between adjacent pipes, 
tubes or tubules in a co- or preferably counter-current direction, or vice versa. 

30 

Again, materials deleterious to wound healing are removed into the dialysate. 
and the cleansed fluid, still containing materials that are beneficial in 
promoting wound healing, is returned via the recirculation tube to the wound. 

35 \Nhere the means for fluid cleansing is a two-phase system, e.g. in the form 
of a dialysis unit, or a biphasic extraction unit, the circulating fluid from the 



20 
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wound and the fluid resen/oir passes across one surfaces of a significantly 
two-dimensional integer, for example a polymer film, sheet or membrane 
which is selectively permeable to materials deleterious to wound healing. 

5 These are removed by passing a cleansing fluid across the other surface of 
the integer. The integer may be a film, sheet or membrane that is selectively 
permeable to the foregoing materials deleterious to wound healing. 

Examples of these as above include 
1 0 oxidants, such as free radicals, e.g. peroxide and superoxide; 
iron II and iron III; 

ail involved in oxidative stress on the wound bed; 

proteases, such as serine proteases, e.g. elastase and thrombin; cysteine 
proteases; matrix metalloproteases, e.g. collagenase; and carboxyl (acid) 

15 proteases; 

endotoxins, such as lipopolysaccharides; 

autoinducer signalling molecules, such as homoserine lactone derivatives, 
e.g. oxo-alkyi derivatives; 

inhibitors of angiogenesis such as thrombospondln-1 (TSP-1). Plasminogen 
20 activator inhibitor, or angiostatin (plasminogen fragment) 

pro-inflammatory cytokines such as tumour necrosis factor alpha (TNFa) and 

interieukln 1 beta(IL-lp), 

and 

inflammatories, such as lipopolysaccharides, and e.g. histamine. 



25 



30 



Examples of suitable materials for the film, sheet or membrane (typically in 
the fonn of confomiable hollow bodies defined by the film, sheet or 
membrane, such as the structures described hereinbefore) include natural 
and synthetic polymeric materials. 

The membrane may be of one or more hydrophilic polymeric materials, such 
as a cellulose derivative, e.g. regenerated cellulose, a cellulose mono-, di- or 
tri- esters, such as cellulose mono-, di- or tri-acetate, benzyl cellulose and 
Hemophan, and mixtures thereof. 
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Examples of other materials include hydrophobic materials, such as aromatic 
polysulphones, polyethersulphones, polyetherether-sulphones, polyketones, 
polyetherketones and polyetherether-ketones, and sulphonated derivatives 
thereof, and mixtures thereof. 

5 

Examples of other materials include hydrophobic materials, such as 
polyesters, such as polycarbonates and polyamldes, e.g. 6-6 and 6-10; 
polyacrylates, including, e.g. poly(methyl methacrylate), polyacrylonitrile and 
copolymers thereof, for example acrylonitrile - sodium metallosulphonate 
10 copolymers; and poly(vinylldene chloride). 

Suitable materials for the present membranes include themioplastic 
polyolefins, such as polyethylene e.g. high-density polyethylene, 
polypropylene, copolymers thereof, for example with vinyl acetate and 
15 polyvinyl alcohol, and mixtures thereof. 

The dialysis membrane should have a molecular weight cut off (MWCO) 
chosen to allow selective perfusion of species deleterious to wound healing 
that have been targeted for removal from the wound. For example, perfusion 
20 of the serine protease elastase (molecular weight 25900 Dalton) would 
require a membrane with MWCO >25900 Dalton. The MWCO threshold can 
be varied to suit each application between 1 and 3000000 Dalton. 

Preferably, the MWCO should be as close as possible to this weight to 
25 exclude Interference by larger competitor species. 

For example, such a membrane with MWCO >25900 Dalton does not allow 
any significant amounts of the antagonist to elastase, alpha-1 -antitrypsin 
(AAT) (molecular weight 54000 Dalton), which occurs naturally in wounds, to 
30 diffuse freely out of the wound fluid into the diaiysate. The inhibitor, which is 
beneficial in promoting chronic wound healing, remains in contact with the 
wound bed, and can act beneficially on it, whilst the elastase that is 
deleterious to wound healing is removed. 
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Such use of the present apparatus is, e.g. favourable to the wound healing 
process in chronic wounds, such as diabetic foot ulcers, and especially 
decubitus pressure ulcers. 

5 As rioted hereinafter, antagonists, for example degrading enzymes, or 
sequestrating agents for elastase on the dialysate side of the membrane, 
may be used to enhance the removal of this protease from wound exudate. 

\Nhere it is desired to remove several different materials that are deleterious 
10 to wound healing, it may be advantageous to provide a system of modules in 
series, each of which removes a different material. This allows incompatible 
cleansing materials to be used on the same fluid and/or wound exudates. 

Preferably any such system is a conventional automated, programmable 
15 system which can cleanse the wound imgant and/or wound exudate with 
minimal supervision. 

As noted above in more detail, fluid passes from a cleansing fluid through a 
selectively permeable integer. 



20 



30 



This may be the typical penneable polymer film, sheet or membrane of a two- 
phase system, such as a dialysis unit. 



Additionally, solutes or disperse phase species will pass firom the dialysate 
25 into the irrigant and/or wound exudate through the dialysis polymer film, 
sheet or membrane. 

This property may be used to perfuse materials beneficial to wound healing 
into the inigant and/or exudate from a dialysate. 



In this less conventional type of infusion feed, a broad spectrum of species 
will usually pass into the exudate and/or imgant fluid from the dialysate. 



35 



These include 

ionic species, such as bicarbonate; 
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Vitamins, such as ascorbic acid (vitamin C) and vitamin E. and stable 
derivatives thereof, and mixtures thereof; to relieve oxidative stress on the 
wound bed; 

pH buffering agents, such as potassium dihydrogen phosphate/ disodium 

5 hydrogen phosphate, 

local analgesics/anaesthetics, such as lidocaine/lignocaine hydrochloride and 
xylocaine (adrenollne lidocaine) and/or anti-inflammatories. to reduce wound 
pain or inflammation or pain associated with the dressing 
nutrients to aid proliferation of wound cells, such as amino acids, sugars, low 

10 molecular weight tissue building blocks and trace elements; and other cell 
culture medium species; and 

gases, such as air. nitrogen, oxygen and/or nitric oxide. 

For the purposes of fluid cleansing in the apparatus of the present invention, 
15 both the single-phase system, such as an ultrafiltration unit, and two-phase 
system, such as a dialysis unit, may have captive (non-labile, insoluble 
and/br immobilised) species such as the following, bound to an insoluble 
and/or immobilised) substrate over and/or through which the irrigant and/or 
wound exudate from, the wound dressing passes in turn to the fluid 
20 recirculation tube(s): ' 

antioxidants and free radical scavengers, such as 3-hydroxytyramine 
(dopamine), ascoriaic acid (vitamin C). vitamin E and glutathione, and stable 
derivatives thereof, and mixtures thereof; to relieve oxidative stress on the 
wound bed; 

25 metal Ion chelators and/or ion exchangers, such as transition metal ion 
chelators, such as iron III chelators (Fe III is Involved in oxidative stress on 
the wound bed.), such as desfenioxamine (DFO). 3-hydroxytyramine 
(dopamine); 
iron III reductants; 

30 protease inhibitors, such as TIMPs and alpha 1-antitrypsin (AAT); serine 
protease inhibitors, such as 4-(2-aminoethyl)-benzene sulphonyl fluoride 
(AEBSF, PefaBloc) andNa-p-tosyl-L-lysine chloro-methyl ketone (TLCK) and 
s-aminocaproyl-p-chlorobenzylamide; cysteine protease inhibitors; - matrix 
metalloprotease inhibitors; and cariaoxyl (acid) protease inhibitors; 

35 sacrificial redox materials that are potentially or actually beneficial In 
promoting wound healing, by the removal of materials that trigger the 
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expression into wound exudate of redox-sensitive genes that are deleterious 
to wound healing; 

autoinducer signalling molecule degraders, which may be enzymes; and 
anti-inflammatory materials to bind or destroy lipopolysaccharides. e.g. 
5 peptidomimetics 

Other physiologically active components of the exudate that are deleterious 
to wound healing may be removed in this way. 

10 These may be removed with suitable chelators and/or ion exchangers, 
degraders. which may be enzymes, or other species. 

The following types of functlonalised substrate has sites on its surface that 
are capable of removing materials deleterious to wound healing on passing 
1 5 the circulating fluid from the wound and the fluid reservoir over them: 
heterogeneous resins , for example silica-supported reagents such as: 
metal scavengers, 

3-(diethylenetriamino)propyl-functionalised silica gel 

2- (4-(ethylenediamino)benzene)ethyl-functionalised silica gel 

20 3-(mercapto)propyl-functionalised silica gel 

3- (1-thioureido)propyl-functionalised silica gel 
triamine tetraacetate-functionalised silica gel 



or eleclrophillc scavengers. 

25 4-carboxybutyl-functlonalised silica gel 

4-ethyl benzenesulfonyl chloride-functlonalised silica gel 
propionyl chloride-funcHonalised silica gel 
3-(isocyano)propyl-functionalised silica gel 
3-(thlocyano)propyl-functionaIised silica gel 

30 3-(2-succinic anhydride)propyl-functionallsed silica gel 
3-(maleimido)propyl-functionalised silica gel 

or nucleophilic scavengers, 
3-aminopropyI-functionalised silica gel 
35 3-(ethylenediamino)-functionalised silica gel 

2-(4-(ethylenediamino)propyl-functionalised silica gel 
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3- (diethylenetriamino)propyl-functionalised silica gel 

4- ethyl-benzenesulfonamide-functlonalised silica gel 

2- (4-toluenesulfonyl hydrazino)ethyl-functionalised silica gel 

3- (mercapto)propyl-functionalised silica gel 

5 dimethylsiloxy-functionalised silica gel 

or base or acid scavengers, 
3-(dimethylamino)propyl-functionalised silica gel 

3-(1.3.4,6,7,8-hexahydro-2H-pyrimido-[1,2-a]pyrimidino)propyl-functionalised 
silica gel 

1 0 3-(1 -imidazol-1 -yl)propyI-f unctlonalised silica gel 
3-(1-morpholino)propyl-functionalised silica gel 
3-(1-piperazlno)propyl-functionalised silica gel 
3-(1-pjperidino)propyl-functionalised silica gel 
3-(4,4'.trimethyldipiperidino)propyl-functionalised silica gel 

15 2-(2-pyridyl)ethyl-functionalised silica gel 

3-(trimethylammonium)propyl-functionalised silica gel 

or the reagents, 

3-(1-cyclohexylcarbodiimido)propyi-functionalised silica gel 

20 TEMPO-functionalised silica gel 

2-(dipiienylphosphino)ethyl-functionalised silica gel 

2- (3,4-cyclohexyldiol)propyl-functionalised silica gel 

3- (glycidoxy)propyl-functionalised silica gel 

2- (3,4-epoxycyclohexy!)propyl-functionalised silica gel 

25 l-(allyl)methyl-functionalised silica gel 

4- bronnopropyl-funcllonalised silica gel 
4-bromophenyl-functionaHsed silica gel 

3- chloropropyl-functionalised silica gel 

4- benzyl chloride-functionallsed silica gel 

30 2-(carbomethoxy)propyl-functionalised silica gel 
3-(4-nitrobenzamido)propyl-functionalised silica gel 
3-(ureido)propyl-functionalised silica gel 

or any combinations of the above. 

35 
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The use of such captive (non-labile, insoluble and/or inamobilised) species, 
such as the foregoing, bound to an insoluble and immobilised) substrate over 
and/or through which the irrigant and/or wound exudate from, the wound 
dressing passes has been described hereinbefore as suitable for the means 
5 for fluid cleansing. 

However, they may additionally, where appropriate, be used in any part of 
the apparatus that is in contact with the inigant and/or wound exudate, but 
often within the dressing, for removal of materials deleterious to wound 
1 0 healing from wound . 

The means for fluid cleansing may additionally, where appropriate, comprise 
one or more macroscopic and/or microscopic filters. 

15 These are to retain particulates, e.g. cell debris and micro-organisms, 
allowing proteins and nutrients to pass through. 

Altematively, a less conventional type of two-phase system (see above), 
such as a dialysis unit, may be used as the means for fluid cleansing. In this 
20 type, the dialysis polymer film, sheet or membrane is not an integer 
selectively pemieable to materials deleterious to wound healing, such as 
proteases, such as serine proteases, e.g. elastase and thrombin; cysteine 
protease; matrix metalloproteases. e.g. collagenase; and cariDoxyl (acid) 
proteases; 

25 endotoxins , such as lipopolysaccharides; 

inhibitors of angiogenesis such as thrombospondin-1 (TSP-1). plasminogen 

activator inhibitor, or angiostatin (plasminogen fragment); 

pro-Inflammatory cytokines such as tumour necrosis factor alpha (TNFa) and 

interleukin 1 beta (IL-1P), 
30 oxidants, such as free radicals, e.g. , e.g. peroxide and superoxide; and 

metal ions, e.g. iron II and iron III. all involved in oxidative stress on the 

wound bed. 



35 



It will however also pennit components of the exudate from a wound and/or 
in-igant fluid that may be larger or smaller molecules, but are beneficially 
involved in wound healing to pass into and through It. 
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In the dialysate, or preferably in one or more solid structural Integers with at 
least one surface in contact with the dialysate. in the means for fluid 
cleansing, there are one or more materials that can remove materials 

5 deleterious to wound healing from wound exudate, by being 

antagonists to such species, for example enzymes or others, such as 
protease Inhibitors, such as serine protease inhibitors, such as 4-(2- 
aminoethyO-benzene sulphonyl fluoride (AEBSF. PefaBloc) and Na-p-tosyl- 
L-lysine chloromethyi ketone (TLCK) and e-aminocaproyl-p- 

10 chlorobenzylamide; cysteine protease inhibitors; matrix metalloprotease 
inhibitors; and cartjoxyl (acid) protease inhibitors; 

binders and/or degraders. such as anti-inflammatory materials to bind or 
destroy lipopolysaccharides, e.g. peptidomimetics; 

anti-oxidants, such as 3-fiydroxytyramine (dopamine), ascorbic acid (vitamin 
15 C). vitamin E and glutathione, and stable derivatives thereof, and mixtures 
thereof; to relieve oxidative stress on the wound bed; and 
chelators and/or ion exchanges, such as desfen-ioxamine (DFO). 3- 
hydroxytyramine (dopamine). 

20 They further include peptides (including cytokines, e.g. bacterial cytokines, 
such as a-amino-y-butyrolactone and L-homocamosine); and 
sacrificial redox materials that are potentially or actually beneficial in 
promoting wound healing, such as iron III reductants; and/or regeneratabie 
materials of this type, such as glutathione redox systems; and 

25 other physiologically active componente. 

In use of the two-phase system dialysis unit, of this less conventional type, a 
broad spectrum of species will usually pass into the dialysate from the 
exudate. 

Some (mainly ionic) species will pass from the dialysate into the irrigant 
and/or wound exudate through the dialysis polymer film, sheet or membrane 
that is not very selectively permeable to materials deleterious to wound 
healing. 



30 
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The components of the exudate from a wound and/or irrigant fluid will diffuse 
freely to and fro through it. 

If (preferably) none of the dialysate is voided to waste, e.g. to a collection 
5 bag, a steady state concentration equilibrium is eventually set up between 
the dialysate and the irrigant and/or wound exudate, which is 'topped up' 
from the wound dressing. 

Circulating wound fluid aids in the quicker attainment of this equilibrium of 
1 0 materials beneficial in promoting wound healing. 

It also retums them to the site where they can be potentially of most benefit, 
i.e. the wound bed. 

1 5 The target materials deleterious to wound healing also pass into the dialysate 
from the exudate through the dialysis polymer film, sheet or membrane that is 
not very selectively permeable to materials deleterious to wound healing. 

Unlike the other components of the exudate from a wound and/or inigant 
20 fluid, the target materials deleterious to wound healing come into contact with 
the dialysate. or preferably with one or more solid structural integers with at 
least one surface in the dialysate. and are removed by the appropriate 
antagonists, binders and/or degraders. chelators and/or ion exchangers and 
redox agents, etc. The cleansed fluid, still containing some materials that are 
25 beneficial in promoting wound healing, is returned to the recirculation tube. 

Unlike the other components of the exudate from a wound and/or irrigant fluid 
the target materials are constantly removed from the dialysate. very little of 
these species will pass from the dialysate into the irrigant and/or wound 
30 exudate, and a steady state concentration equilibrium is not set up. even if 
the species are constantly 'topped up' from the wound dressing. 

\Us believed that circulating wound fluid aids in removal from recirculation of 
the materials deleterious to wound healing from wound exudate, • whilst 
35 retaining materials that are beneficial in promoting wound healing in contact 
with the wound. 
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A particular advantage of this form of the two-phase system, is that >Artiere a 
material that can remove materials deleterious to wound healing from wound 
exudate is (cyto)toxic or bloincompatible, or not inert to any components that 
5 are beneficial in promoting wound healing, the system does not allow any 
significant amounts of antagonist to diffuse fifeely out of the dialysate into the 
In-igant fluid. The acth/e material can act beneficially on the fluid however. 

The film sheet or membrane Is preferably a dialysis membrane of molecular 
10 weight cut off (MWCO) (as conventionally defined) chosen to allow perfusion 
of species targeted for sequestration or destruction. 

For example, sequestration of the serine protease elastase (molecular weight 
25900 Dalton) would require a membrane with MWCO >25900 Dalton. 

15 The MWCO threshold can be varied to suit each application between 1 and 
3000000 Dalton. Preferably, the MWCO should be as close as possible to 
this weight to exclude sequestering intert'erence by larger competitor species. 

Both the single-phase system, such as an ultrafiltration unit, and two-phase 
20 system, such as a dialysis unit, may be in modular fomn that is relatively 
easily demountable from the apparatus of the invention. The system may 
suitably comprise one or more such modules. 

The conduits through which respectively 
25 a) the inigant and/or wound exudate passes from the wound dressing and 

b) the cleansed fluid, still containing materials that are beneficial in 
promoting wound healing, is returned to the recirculation tube, and 

c) (in the case where the means is provided in the form of a two-phase 
system, such as an dialysis unit) through which the cleansing fluid enters 

30 and exits the means 

preferably have means for, on module disconnection and withdrawal, 

i) switching off the flow and 

ii) providing an immediate fluid-tight seal or closure over the ends of the 
conduits and the cooperating tubes in the rest of the apparatus of the 

35 invention so exposed, 
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to prevent continuing passage of irrigant and/or exudate and cleansed fluid, 
and cleansing fluid. 

TTie apparatus of the invention for aspirating, irrigating and/or cleansing 
5 wounds Is provided with means for bleeding the offtake and/or recirculation 
tubes, such as a regulator, such as a valve or other control device for 
bleeding fluids from the wound. 

The device for moving fluid through the wound and means for fluid cleansing 
10 is used to move inigant to the wound dressing and apply the desired positive 
or negative pressure on the wound bed. 

The desired balance of fluid in recirculation tube will typically be regulated by 
means of 

15 a) the means for bleeding the offtake and/or recirculation tubes, 

b) the means for flow switching between supply and recirculation, and/or 

c) the means for moving fluid over the wound bed and through the means 
for fluid cleansing, 

as appropriate. 

20 

Thus, e.g. if 

a) the apparatus for aspirating, irrigating and/or cleansing wounds is a 
single-phase system, such as an ultrafiltration unit, 

b) the wound is not in a highly exuding state and 

25 c) it is not appropriate or desired to admit fluid into the wound from the fluid 
reservoir, 

there Is no or negligible change In the balance of fluid in recirculation. 

Once it has been primed throughout, e.g. to the desired positive or negative 
30 pressure on the wound bed, the apparatus may be operated as a closed 
recirculating system. 

The means for flow switching between supply and recirculation tubes is set to 
close the wound to the fluid resen/oir via the fluid supply tube, and the means 
35 for bleeding the offtake and/or recirculation tubes are also closed. 
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If 

a) the apparatus for aspirating, irrigating and/or cleansing wounds is a 
single-phase system, such as an ultrafiltration unit, 

b) the wound is in a highly exuding state and/or 

5 c) it is appropriate or desired to admit fluid into the wound from the fluid 
reservoir, 

there is a positive change in the balance of fluid in recirculation. 
Once It has been primed throughout, e.g. to the desired positive or negative 
pressure on the wound, bed, the apparatus cannot be operated as a closed 
10 recirculating system, without the pressure to the wound bed increasing, 
possibly undesirably. 

The means for bleeding the offtake and/or recirculation tubes must be 
opened to some extent to relieve positive pressure on the wound bed. The 
1 5 bleed-off may be voided to waste, e.g. to a collection bag. 

Materials that are beneficial in promoting wound healing may be lost to the 
site where they can be potentially of most benefit, i.e. the wound bed. when 
the therapy is applied in this way. 



20 



However, the balance of fluid in recirculation may be routinely adjusted to 
minimise this undesired loss. 



The factors that determine the balance of fluid in recirculation in an apparatus 
25 with a two-phase system means for fluid cleansing in the fonn of a dialysis 
unit, or a biphasic extraction unit have been described hereinbefore in detail 
hereinbefore in connection with the operation of the apparatus. It is sufficient 
to note here that at some point after steady state recirculation established 
through the length of the apparatus flow path, it may be necessary that any 
30 bleed valve is opened, if overall the fluid level is increasing by transfer from 
the dialysate to an undesirable extent. 

Other combinations, and the necessary adjustments to maintain the desired 
balance of fluid in recirculation tube by means of 
a) the means for bleeding the offtake and/or recirculation tubes, 
35 b) the means for flow switching between supply and recirculation, and/or 
c) the means for moving fluid 
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will be apparent to the skilled person. 

The outlet from the means for bleeding the offtake and/or recirculation tubes 
may be collected and monitored and used to diagnose the status of the 
5 wound and/or its exudate. 

The waste reservoir may be of any conventional type, e.g. a tube, bag (such 
as a bag typically used as an ostomy bag), chamber, pouch or other 
structure, e.g. of polymer film, which can contain the irrigant fluid that has 
10 been bled off. In all embodiments of the apparatus, the type and material of 
the waste reservoir will be largely determined by its function. To be suitable 
for use, the material need only be fluid-impermeable once in use, and 
flexible. 

15 Examples of suitable materials for the fluid reservoir include synthetic 
polymeric materials, such as polyolefins, such as poly (vinylidene chloride). 

Suitable materials for the present purpose also include polyethylene, e.g. 
high-density polyethylene, polypropylene, copolymers thereof, for example 
20 with vinyl acetate and mixtures thereof. 

In a second aspect of the present invention there is provided a confomiable 
wound dressing, characterised in that it comprises a backing layer with a 
wound-facing face which is capable of fomning a relatively fluid-tight seal or 
25 closure over a wound and has 

at least one inlet pipe for connection to a fluid supply tube, which passes 
through and/or under the wound-facing face, and 

at least one outlet pipe for connection to a fluid offtake tube, which passes 
through and/or under the wound-facing face, 
30 the point at which the or each inlet pipe and the or each outlet pipe passes 
through and/or under the wound-facing face forming a relatively fluid-tight 
seal or closure over the wound. 



The dressing is advantageously provided for use in a bacteria-proof pouch. 



35 
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Examples of suitable forms of such wound dressings are as described by 
way of example liereinbefore. 

It is an object of the present invention 
5 a) to obviate at least some of the disadvantages of l<nown aspiration and/or 
irrigation therapies, and 
b) to provide a system of therapy which 

i) can remove materials deleterious to wound healing from wound 
exudate, whilst retaining materials that are beneficial In promoting 

10 wound healing in contact with the wound bed, and/or 

ii) which allows fluids containing active amounts of materials that are 
beneficial In promoting wound healing to pass into and/or through the 
wound in contact with the wound bed. 

15 Thus, in a third aspect of the present invention there is provided a method of 
treating wounds to promote wound healing using the apparatus for aspirating, 
irrigating and/or cleansing wounds of the present invention. 

The present invention will now be described by way of example only with 
20 reference to the accompanying drawings In which: 

Figure 1 is a schematic view of an apparatus for aspirating, irrigating and/or 
cleansing a wound according to the first aspect of the present invention. 

25 It has a single-phase system means for fluid cleansing in the fomi of an 
ultrafiltration unit. 

Figure 2 is a schematic view of an apparatus for aspirating, irrigating and/or 
cleansing a wound according to the first aspect of the present invention. 

30 r ^- . - 

It has a two-phase system means for fluid cleansing in the form of a dialysis 

unit, or a biphasic extraction unit. 

Figures 3 to 7 are cross-sectional views of conformable wound dressings, of 
35 the second aspect of the present invention for aspirating and/or inigating 
wounds. 
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In these. Figures 3a to 6a are cross-sectional plan views of tlie wound 
dressings, and Figures 3b to 6b are cross-sectional side views of the wound 
dressings. 

5 

Figures 8 to 10 are various views of inlet and outlet manifold layouts for Vne 
wound dressings of the second aspect of the present invention for 
respectively delivering fluid to, and collecting fluid from, the wound. 

10 Figure 11 is a schematic view of an apparatus for aspirating, irrigating and/or 
cleansing a wound according to the first aspect of the present invention. 

It has a single-phase system means for fluid cleansing in the form of an 
ultrafiltration unit. 

15 ,4/ 

Figure 12 is a schematic view of an apparatus for aspirating, irrigating and/or 
cleansing a wound according to the first aspect of the present invention. 

It has a two-phase system means for fluid cleansing in the form of a dialysis 
20 unit, or a biphasic extraction unit. 

Figures 13 to 26 are cross-sectional views of confonnable wound dressings, 
of the second aspect of the present invention for aspirating and/or imgating 
vtfounds. 

25 . . ^. 

Figure 27 is a schematic view of another apparatus for aspirating, irrigating 

and/or cleansing a wound according to the first aspect of the present 
invention. 

30 It has a single-phase system means for fluid cleansing in the form of an 
ultrafiltration unit. 

Referring to Figure 1, the apparatus (1) for aspirating, irrigating and/or 
cleansing wounds comprises 
35 a confonnable wound dressing (2), having 
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a backing layer (3) which is capabie of forming a relatively fluid-tight seal or 
closure (4) over a wound (5) and 

one inlet pipe (6) for connection to a fluid supply tube (7), which passes 
through the wound-facing face of the backing layer (5) at (8), and 
5 one outlet pipe (9) for connection to a fluid offtake tube (10), which passes 
through the wound-facing face at (11), 

the points (8), (11) at which the inlet pipe and the outlet pipe passes through 
and/or under the wound-facing face fomiing a relatively fluid-tight seal or 
closure over the wound, 
10 the inlet pipe being connected via nneans for flow switching between supply 
and recirculation, here a T- valve (14), by the fluid supply tube (7) to a fluid 
reservoir (12) and to a fluid recirculation tube (13) having a means for 
bleeding the tube, here a bleed T-valve (16) to waste, e.g. to a collection bag 
(not shown), 

16 the outlet pipe (9) being connected to a fluid offtake tube (10), connected in 
turn to 

means for fluid cleansing (17), here in the form of an ultrafiltration unit, 
connected to the inlet pipe (6) via the fluid recirculation tube (13) and T- valve 
(14), and 

20 a device for moving fluid through the wound and means for fluid cleansing 
(17), here a peristaltic pump (18), e.g. preferably a small portable peristaltic 
pump, acting on the fluid circulation tube (13) with the peripheral rollers on its 
rotor (not shown) to apply a low negative pressure on the wound. 

25 The ultrafiltration unit (17) is a single-phase system. In this the circulating 
fluid firom the wound and the fluid reservoir passes through a self-contained 
system in which materials deleterious to wound healing are removed and the 
cleansed fluid, still containing materials that are beneficial in promoting 
wound healing, is returned via the recirculation tube to the wound bed. 

30 

(In a variant of this apparatus, there are two inlet pipes (6), which are 
connected respectively to a fluid supply tube (7) and fiuid recirculation tube 
(13), respectively having a first valve (19) for admitting fluid Into the wound 
from the fluid reservoir (12) and a second valve (20) for admitting fluid into 
35 the wound from the recirculation tube. 
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Usually in use of the apparatus, when the first valve (19) is open, the second 
valve (20) is shut, and vice versa.) 

In use of the apparatus (1), the valve (16) is opened to a collection bag (not 
5 shown), and the T- valve (14) is turned to admit fluid from the fluid reservoir 
to the wound dressing through the fluid supply tube (7) and inlet pipe (6). 
(In the variant of this apparatus having two inlet pipes (6), which are 
connected respectively to a fluid supply tube (7) and fluid recirculation tube 
(13), the first valve (19) for admitting fluid into the wound from the fluid 
10 reservoir (12) is opened and the second valve (20) is shut, and vice versa.) 

The pump (18) is started to nip the fluid recirculation tube (13) with the 
peripheral rollers on its rotor (not shown) to apply a low positive pressure on 
the wound. It is allowed to run until the apparatus is primed throughout the 
15 whole length of the apparatus flow path and excess fluid is voided to waste 
via the bleed T-valve (16) into the collection bag (not shown). 

The T-valve (14) is then turned to switch from supply and recirculation, i.e. is 
set to close the wound to the fluid reservoir (12) but to admit fluid into the 
20 wound from the fluid recirculation tube (13), and the bleed T-valve (16) is 
simultaneously closed. 

(In the variant of this apparatus, where there are two inlet pipes (6), which 
are connected respectively to a fluid supply tube (7) and fluid recirculation 
25 tube (13), the first valve (19) Is closed and a recirculating system set up by 
opening the second valve (20) for admitting fluid into the wound from the 
recirculation tube (13). 

The circulating fluid from the wound and the fluid reservoir (12) passes 
30 through the ultrafiltration unit (17). Materials deleterious to wound healing 
are removed and the cleansed fluid, still containing materials that are 
beneficial in promoting wound healing, is returned via the recirculation tube 
(1 3) to the wound bed. 

35 The recirculation of fluid may be continued as long as desired. 
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Switching between supply and recirculation is then reversed, by turning the 
T- valve (14) to admit fluid from the fluid reservoir to the wound dressing 
through the fluid supply tube (7) and inlet pipe (6). 

5 (In the variant of this apparatus having two inlet pipes (6), which are 
connected respectively to a fluid supply tube (7) and fluid recirculation tube 
(13), the first valve (19) for admitting fluid into the wound from the fluid 
reservoir (12) Is opened and the second valve (20) is shut, and vice versa.) 

1 0 The bleed valve (1 6) Is simultaneously opened, so that fl-esh fluid flushes the 
recirculating system. 

The running of the pump (18) may be continued until the apparatus is 
flushed, when it and the fluid recirculation is stopped. 

15 

If, e.g. the wound is in a highly exuding state, there is a positive change in 
the balance of fluid in recirculation. It may be necessary to bleed fluid from 
recirculation, by opening the bleed T-valve (16) to bleed fluid firom the 
recirculation tube (13). 

20 

Referring to Figure 2, the apparatus (21) is a variant of that of Figure 1, with 
identical, and identically numbered, components, except for the means for 
fluid cleansing, which is in the fomi of a two-phase system, here a dialysis 
unit (23). 

25 

In this, there Is one system through which the circulating fluid from the wound 
and the fluid reservoir passes and from which deleterious materials are 
removed by selectively penneable contact with a second system, through 
which passes a cleansing fluid. 

30 

The dialysis unit (23) thus has an internal polymer film, sheet or membrane 
(24), selectively penneable to materials deleterious to wound healing, which 
divides it into 

a) a first chamber (25), through which passes a cleansing fluid across one 
35 surface of the polymer film, sheet or membrane, and 
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b) a second chamber (26). through which passes the circulating fluid from 
the wound and the fluid reservoir (12), and from which deletenous 
materials are removed 

5 The dialysis unit (23) thus has a dialysate inlet pipe (28) connecting to a 
dialysate supply tube (29) which passes to a peristaltic pump (38), e.g. 
preferably a small portable peristaltic pump, acting on the dialysate supply 
tube (29) with the peripheral rollers on its rotor (not shown) to supply 
cleansing fluid across the surface of the polymer film, sheet or membrane 

10 (28) in the first chamber (25) from a dialysate reservoir (not shown) via a 
valve (34). 

The dialysis unit (23) also has a dialysate outlet pipe (30) connecting to a 
dialysate outlet tube (31) which passes to waste via a second bleed T-valve 
1 5 (36) into, e.g. a collection bag (not shown). 

Operation of this apparatus is similar to that of Figure 1. except for the 
. dialysis unit (23), in that at some point after the imgation system is primed 
and steady state recirculation established through the length of the apparatus 
20 flow path, the valve (34) and second bleed valve (36) are opened. 

The pump (38) is started to nip fluid dialysate tube (29) with the peripheral 
rollers on its rotor (not shown) to pump cleansing fluid to the first chamber 
from a dialysate reservoir (not shown) and out to waste via the bleed valve 
25 (36) Into the collection bag (not shown). 

The dialysis unit (23) is a module (or scrubbing cartridge) with a substrate 
that changes colour to indicate the presence of detrimental factors in the 
cleansed fluid, and that the scrubbing cartridge is exhausted and should be 
30 renewed. 

Referring to Figures 3 to 6. each dressing (41) is in the fomn of a confomnable 
body defined by a microbe-impemneable film backing layer (42) with a 
unifomi thickness of 25 micron, with a wound-facing face (43) which is 
35 capable of forming a relatively fluid-tight seal or closure over a wound. 



wo 2004/037334 



PCT/GB2003/004647 



55 



The backing layer (42) extends In use on a wound over the skin around the 
wound On the proximal face of the backing layer (43) on the overlap (44). it 
bears an adhesive film (45), to attach it to the skin sufficiently to hold the 
wound dressing in place In a fluid-tight seal around the penphery of the 
5 wound-facing face (43) of the wound dressing. 

There Is one Inlet pipe (46) for connecUoh to a fluid supply tube (not shown), 
which passes through and/or under the wound-facing face (43). and one 
outlet pipe (47) for connection to a fluid offtake tube (not shown), which 
1 0 passes through and/or under the wound-facing face (43). 

Referring to Figures 3a and 3b. one form of the dressing is provided with a 
wound filler (48) under a circular backing layer (42). 

15 This comprises a generally frustroconical. toroidal confomnable hollow body, 
defined by a membrane (49) which is filled with a fluid, here air or nitrogen, 
that urges it to the wound shape. 

The filler (48) may be permanently attached to the backing layer with an 

20 adhesive film (not shown) or by heat-sealing. 

The inlet pipe (46) and outlet pipe (47) are mounted centrally In the backing 
layer (42) above the central tunnel (50) of the toroidal hollow body (48) and 
each passes through the backing layer (42). and each extends In pipes (51) 
and (52) respectively through the tunnel (50) of the toroidal hollow body (48) 

25 and then radially In diametrically opposite directions under the body (48). 

This form of the dressing is a more suitable layout for deeper wounds. 

Referring to Figures 4a and 4b. a more suitable form for shallower wounds Is 
30 shown. This comprises a circular backing layer (42) and a circular upwardly 
dished first membrane (61) with apertures (62) that is pemnanently attached 
to the backing layer (42) by heat-sealing to fomi a circular pouch (63). 

The pouch (63) communicates with the inlet pipe (46) through a hole (64). 
35 and thus effectively forms an inlet pipe manifold that delivers the circulating 
fluid directly to the wound when the dressing Is in use. 
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An annular second membrane (65) with openings (66) Is permanently 
attached to the backing layer (42) by heat-sealing to forni an annular 
chamber (67) with the layer (42). 

5 

The chamber (67) communicates with the outlet pipe (47) through an orifice 
(68). and thus effectively forms an outlet pipe manifold that collects the fluid 
directly from the wound when the dressing is in use. 

1 0 Referring to Figures 5a and 5b, a variant of the dressing of Figures 4a and 4b 
that is a more suitable fonn for deeper wounds is shown. 

This comprises a circular baclcing layer (42) and a filler (69), in the form of an 
inverted frustroconical, solid integer, here a resilient elastomeric foam, 
1 5 fomied of a thennoplastic. or preferably a cross-linl<ed plastics foam. 

It may be pemianently attached to the backing layer (42), with an adhesive 
film (not shown) or by heat-sealing. 

20 A circular upwardly dished sheet (70) lies under and confomis to, but is a 
separate structure, pennanently unattached to, the backing layer (42) and the 
solid integer (69). 

A circular upwardly dished first membrane (71) with apertures (72) is 
25 permanently attached to the sheet (70) by heat-sealing to fomn a circular 
pouch (73) with the sheet (70). 

The pouch (73) communicates with the inlet pipe (46) through a hole (74), 
and thus effectively forms an inlet pipe manifold that delivers the circulating 
30 fluid directly to the wound when the dressing is in use. 

An annular second membrane (75) with openings (76) is pennanently 
attached to the sheet (70) by heat-sealing to form an annular chamber (77) 
with the sheet (70). 
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The chamber (77) communicates with the outlet pipe (47) through an orifice 
(78), and thus effectively fomis an outlet pipe manifold that collects the fluid 
directly from the wound when the dressing is in use. 

5 Alternatively, where appropriate the dressing may be provided In a form in 
which the circular upwardly dished sheet (70) functions as the backing layer 
and the solid filler (69) sits on the sheet (70) as the bacldng layer, rather 
than under it. The filler (69) is held in place with an adhesive film or tape. 
Instead of the backing layer (42). 

10 

Referring to Figures 6a and 6b, a dressing that is a more suitable fonri for 
deeper wounds is shown. 

This comprises a circular backing layer (42) and a filler (79). in the form of an 
15 inverted generally hemispherical integer, here a resilient elastomeric foam or 
a hollow body filled with a fluid, here a gel that urges it to the wound shape, 
and permanently attached to the backing layer with an adhesive film (not 
shown) or by heat-sealing. 

20 The inlet pipe (46) and outlet pipe (47) are mounted peripherally in the 
backing layer (42). 

A circular upwardly dished sheet (80) lies under and confonns to, but is a 
separate stmcture, permanently unattached to, the backing layer (42) and the 
25 filler (79). 

A circular upwardly dished bilaminate membrane (81) has a closed channel 
(82) between its laminar components, with 

perforations (83) along its length on the outer surface (84) of the dish formed 
30 by the membrane (81 ) and 

an opening (85) at the outer end of its spiral helix, through which the channel 
(82) communicates with the inlet pipe (46), 

and thus effectively forms an inlet pipe manifold that delivers the circulating 
fluid directly to the wound when the dressing is in use. 



35 
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The membrane (81) also has apertures (86) between and along the length of 
the turns of the channel (82). 

The inner surface (87) of the dish fonned by the membrane (81) Is 
5 pemianently attached at its innermost points (88) with an adhesive film (not 
shown) or by heat-sealing to the sheet (80). This defines a mating closed 
spiroheiical conduit (89). 

At the outermost end of Its spiral helix, the conduit (89) communicates 
10 through an opening (90) with the outlet pipe (47) and is thus effectively an 
outlet manifold to collect the fluid directly from the wound via the apertures 
(86). 

Refen-ing to Figures 7a and 7b, one form of the dressing is provided with a 
15 circular backing layer (42). A first (larger) inverted hemispherical membrane 
(92) is pennanently attached centrally to the layer (42) by heat-sealing to 
form a hemispherical chamber (94) with the layer (42). A second (smaller) 
concentric hemispherical membrane (93) within the first is pemnanently 
attached to the layer (42) by heat-sealing to fomi a hemispherical pouch (95). 
20 The pouch (95) communicates with the inlet pipe (46) and is thus effectively 
an inlet manifold, from which pipes (97) radiate hemispherically and run to 
the wound bed to end in apertures (98). The pipes (97) deliver the circulating , 
fluid directly to the wound bed via the apertures (98). 

25 The chamber .((94) communicates with the outlet pipe (47) and is thus 
effectively an outlet manifold from which tubules (99) radiate hemispherically 
and run to the wound bed to end in openings (100). The tubules (99) collect 
the fluid directly from the wound via the openings (100). 

30 Refen-ing to Figures 8a to 8d. one fomn of the dressing is provided with a 
— square bacl<ing layer (42) and 

first tube (101) extending from the inlet pipe (46), and 

second tube (102) extending from the outlet pipe (47) 

at the points at which they pass through the backing layer, to run over the 
35 wound bed. 
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These pipes (101), (102) have a blind bore with orifices (103), (104) along 
the pipes (101), (102). These pipes (101), (102) respectively form an Inlet 
pipe or outlet pipe manifold that delivers the circulating fluid directly to the 
wound bed or collects the fluid directly from the wound respectively via the 
orifices. 

In Figures 8a and 8d, one layout of each of the pipes (101), (102) as inlet 
pipe and outlet pipe manifolds is a spiral. 

In Figure 8b," the layout is a variant of that of Figures 8a and 8b, with the 
layout of the inlet manifold (101) being a full or partial torus, and the outlet 
. manifold (102) being a radial pipe. 

Referring to Figure 8c, there is shown another suitable layout in which the 
inlet manifold (101) and the outlet manifold (102) run alongside each other 
over the wound bed in a boustrophedic pattern, i.e. in the manner of 
ploughed furrows. 

Referring to Figures 9a to 9d, there are shown other suitable layouts for 
deeper wounds, which are the same as shown in Figures 8a to 8d. The 
square backing layer (42) however has a wound filler (110) under, and may 
be pemianently attached to. the backing layer (42), with an adhesive film (not 
shown) or by heat-sealing, which is an inverted hemispherical solid Integer, 
here a resilient elastomeric foam, fonned of a thermoplastic, preferably a 
cross-linked plastics foam. 

Under the latter is a circular upwardly dished sheet (111) which confomis to, 
but is a separate structure, permanently unattached to, the solid filler (110). 
Through the sheet (111) pass the inlet pipe (46) and the outlet pipe (47), to 
run over the wound bed. These pipes (101), (102) again have a blind bore 
with orifices (103), (104) along the pipes (101). (102). 

Alternatively (as in Figures 5a and 5b), where appropriate the dressing may 
be provided in a fonn in which the circular upwardly dished sheet (111) 
functions as the backing layer and the solid filler (110) sits on the sheet (42) 
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as the backing layer, rather than under it. The filler (110) Is held in place with 
an adhesive film or tape, instead of the backing layer (42). 

In Figures 10a to 10c, inlet and outlet manifolds for the wound dressings for 
5 respectively delivering fluid to, and collecting fluid from, the wound, are 
formed by slots In and apertures through layers permanently attached to 
each other in a stack. 

Thus, In Figure 10a there is shown an exploded isometric view of an inlet 
10 manifold and outlet manifold stack (120) of five square cotenninous 
thermoplastic polymer layers, being first to fifth layers (121) to (125). each 
attached with an adhesive film (not shown) or by heat-sealing to the adjacent 
layer in the stack (120). 

1 5 The topmost (first) layer (121) (which is the most distal in the dressing in use) 
is a blank square capping layer. 

The next (second) layer (122), shown in Figure 10b out of the manifold stack 
(120). is a square layer, with an inlet manifold slot (126) through it. The slot 
20 (126) runs to one edge (127) of the layer (122) for connection to a mating 
end of a fluid inlet tube ((not shown), and spreads into four adjacent 
branches (128) in a parallel anray with spaces therebetween. 

The next (third) layer (123) is another square layer, with inlet manifold 
25 apertures (129) through the layer (123) in an array such that the apertures 
(129) are in register with the inlet manifold slot (126) through the second 
layer (122) (shown in Figure 10b). 

The next (fourth) layer (124), shown in Figure 10c out of the manifold stack 
30 (120), is another square layer, with inlet manifold apertures (130) through the 
layer (124) in an array such that the apertures (130) are in register with the 
apertures (129) through the third layer (123). 

It also has an outlet manifold slot (131) through it. 
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The slot (131) mns to one edge (132) of the layer (124) on the opposite side 
of the manifold stack (120) from the edge (127) of the layer (122), for 
connection to a mating end of a fluid outlet tube (not shown). 

5 It spreads into three adjacent branches (133) in a parallel an^y in the spaces 
between the apertures (130) in the layer (124) and In register with the spaces 
between the apertures (129) in the layer (122). 

The final (fifth) layer (125) is another square layer, with inlet manifold 
10 apertures (134) through the layer (125) in an array such that the apertures 
(134) are in register with the inlet manifold apertures (130) through the fourth 
layer (124) (in tum in register with the apertures (129) through the third layer 

(123) . It also has outlet manifold apertures (135) in the layer (125) in an 
array such that the apertures (135) are in register with the- outlet manifold slot 

15 (131) in the fourth layer (124). 

It will be seen that, when the layers (121) to (125) are attached together to 
fomi the stack (120), the topmost (first) layer (121), the Inlet manifold slot 
(126) through the second layer (122), and the third layer (123) cooperate to 
20 form an inlet manifold in the second layer (122), which Is in use is connected 
to a mating end of a fluid inlet tube (not shown). 

The inlet manifold slot (126) through the second layer (122), and the inlet 
manifold apertures (129), (130) and (134) through the layers (123). (124) and 
25 (125). all being mutually In register, cooperate to form inlet manifold conduits 
though the third to fifth layers (123), (124) and (125) between the inlet 
manifold in the second layer (122) and the proximal face (136) of the stack 
(120). 

30 The third layer (121), the outlet manifold slot (131) through the fourth layer 

(124) , and the fifth layer (125) cooperate to form an outlet manifold in the 
fourth layer (124), which is in use is connected to a mating end of a fluid 
outlet tube (not shown), 

35 The outlet manifold slot (131) through the fourth layer (124). and the outlet 
manifold apertures (135) through the fifth layer (125), being mutually in 
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register, cooperate to form outlet manifold conduits though the fifth layer 
(125) between the outlet manifold in the fourth layer (124) and the proximal 
face (136) of the stack (120). 

5 Referring to Figure 11. the apparatus (1) for aspirating, irrigating and/or 
cleansing wounds is a variant of the apparatus (1) of Figure 1. 

It has bypass (711) around the pump (17), as a protection of the pump 
against any blockage in the system. 

10 

It is activated automatically by appropriate means, e.g. it is nonnaily blocked 
by a bursting disc (not shown), or a pressure-activated motorised valve. 

An alternative to the by-pass (711) is a pressure sensor in the system that 
15 . will detect excessive load or pressure, and shut down the pump. 

Referring to Figure 12. the apparatus (1) for aspirating, irrigating and/or 
cleansing wounds is a variant of the apparatus (1) of Figure 2. 

The latter is a two-phase system with a dialysis unit (21), but Is one in which 
20 dialytic fluid passes only once across the surface of the dialytic membrane 
(28) in the first chamber (26) from a dialysate reservoir (not shown) to waste 
via a second bleed T-valve (36) into, e.g. a collection bag (not shown). 

This variant has a dialysate recirculation tube (81 1) running between a first T- 
25 valve (816) on the inlet side of the dialysate pump (23) and a second T-valve 
(817) to permit the pump (23) to recirculate the dialysate once the circuit is 
primed in multiple passes through the dialysis unit (21). 

The operation of the system will be apparent to the skilled person. 

30 

Referring to Figures 13 to 15, these fomns of the dressing are provided with a 
wound filler (348) under a circular backing layer (342). 

This comprises respectively a generally downwardly domed or toroidal, or 
35 oblately spheroidal confomnable hollow body, defined by a membrane (349) 
which Is filled with a fluid, here air or nitrogen, that urges it to the wound 
shape. 
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The filler (348) is permanently attached to the backing layer via a boss (351), 
which Is e.g. heat-sealed to the backing layer (342). 

5 An Inflation inlet pipe (350), inlet pipe (346) and outlet pipe (347) are 
mounted centrally In the boss (351) In the backing layer (342) above the 
hollow body (348). The inflation Inlet pipe (350) comniunicates with the 
Interior of the hollow body (348), to pemriit Inflation of the body (348). The 
Inlet pipe (346) extends in a pipe (352) effectively through the hollow body 

10 (348). The outlet pipe (347) extends radially immediately under the backing 
layer (342). 

In Figure 13, the pipe (352) communicates with an inlet manifold (353), 
formed by a membrane (361) with apertures (362) that is permanently 
16 attached to the filler (348) by heat-sealing. It Is filled with foam (363) formed 
of a suitable material, e.g. a resilient thennoplastic. Preferred materials 
include reticulated filtration polyurethane foams with small apertures or 
pores. 

20 In Figure 14, the outlet pipe (347) communicates with a layer of foam (364) 
fonned of a suitable material, e.g. a resilient thennoplastic. Again, preferred 
materials Include reticulated filtration polyurethane foams with small 
apertures or pores. 

25 In all of Figures 13, 14 and 15. in use, the pipe (346) ends in one or more 
openings that deliver the imgant fluid directly from the wound bed over an 
extended area. 

Similarly, the outlet pipe (347) effectively collects the fluid radially from the 
30 wound periphery when the dressing Is in use. 

Referring to Figure 16, the dressing is also provided with a wound filler (348) 
under a circular backing layer (342). 
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This also comprises a generally toroidal conformable hollow body, defined by 
a membrane (349) which is filled with a fluid, here air or nitrogen, that urges It 
to the wound shape. 

5 The filler (348) may be pennanently attached to the backing layer (342) via a 
first boss (351) and a layer of foam (364) formed of a suitable material, e.g. a 
resilient thennoplastlc. Again, preferred materials include reticulated filtration 
poiyurethane foams with small apertures or pores. 

10 The first boss (351) and foam layer (364) are respectively heat-sealed to the 
backing layer (342) and the boss (351). 

An inflation inlet pipe (350), inlet pipe (346) and outlet pipe (347) are 
mounted centrally in the first boss (351) in the backing layer (342) above the 
15 toroidal hollow body (348). 

The inflation inlet pipe (350). inlet pipe (346) and outlet pipe (347) 
respectively each extend in a pipe (353), (354) and (355) through a central 
tunnel (356) in the hollow body (348) to a second boss (357) attached to the 
20 toroidal hollow body (348). 

The pipe (353) communicates with the interior of the hollow body (348), to 
permit Inflation of the body (348). The pipe (354) extends radially through the 
second boss (357) to communicate with an inlet manifold (352), fomned by a 
25 membrane (361) that is pennanently attached to the filler (348) by heat- 
sealing in the fbmi of a reticulated honeycomb with openings (362) that 
deliver the irrigant fluid directly to the wound bed over an extended area. 
The pipe (355) collects the fluid flowing radially from the wound centre when 
the dressing is in use. 

30 

This form of the dressing is a more suitable layout for deeper wounds 

In Figure 1.7, the dressing is similar to that of Figure 16, except that the 
toroidal conformable hollow body, defined by a membrane (349). is filled with 
35 a fluid, here a solid particulates, such as plastics crumbs or beads, rather 
than a gas. such as air or an Inert gas, such as nitrogen or argon, and the 
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inflation inlet pipe (350) and pipe (353) are omitted from the central tunnel 
(356). 

Examples of contents for the body (348) also include gels, such as silicone 
5 gels or preferably cellulosic gels, for ^xample hydrophilic cross-linked 
cellulosic gels, such as Intrasite ™ cross-linked materials. Examples also 
include aerosol foams, and set aerosol foams, e.g. CaviCare™ foam. 

Referring to Figures 18 and 19, another fomi for deeper wounds is shown. 
10 This comprises a circular backing layer (342) and a chamber (363) in the 
form of a deeply indented disc much like a multiple Maltese cross or a 
stylised rose. 

This is defined by an upper impervious membrane (361) and a lower porous 
film (362) with apertures (364) that deliver the imgant fluid directly from the 
15 wound bed over an extended area. A number of configurations of the 
chamber (363) are shown, all of which are able to confomi well to the wound 
bed by the arms closing in and possibly overlapping in insertion into the 
wound. 

20 In a particular design of the chamber (363). shown lowemnost, on of the amns 
extended and provided with an inlet port at the end of the extended arm. 
This provides the opportunity for coupling and decoupling the imgant supply 
remote from the dressing and the wound in use. 

25 An inlet pipe (346) and outlet pipe (347) are mounted centrally in a boss 
(351) In the backing layer (342) above the chamber (363). The inlet pipe 
(346) is pemianently attached to, and communicate with the interior of, the 
chamber (363), which thus effectively forms an inlet manifold. The space 
above the chamber (363) is filled with a loose gauze packing (364). . 

30 

In Figure 18. the outlet pipe (347) collects the fluid from the interior of the 
dressing from just under the wound-facing face (343) of the backing layer 
(342). 
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A variant of the dressing of Figure 18 is shown in Figure 19. The outlet pipe 
(347) is mounted to open at the lowest point of the space above the chamber 
(363) into a piece of foam (374). 

5 In Figure 20, the dressing is similar to theit of Figure 13, except that the Inlet 
pipe (352) communicates with an inlet manifold (353), fonned by a 
membrane (361) with apertures (362), over the upper surface of the generally 
downwardly domed wound hollow filler (348), rather than through it. 

10 !n Figure 22, the dressing is similar to that of Figure 14, with the addition of 
an inlet manifold (353). formed by a membrane (361) with apertures (362). 
over the lower surface of the generally downwardly domed annular wound 
hollow filler. 

* 

15 In Figure 21, the generally downwardly domed annular wound hollow filler is 
omitted. 

Referring to Figure 23, another fomi for deeper wounds is shown. An Inlet 
pipe (346) and outlet pipe (347) are mounted centrally in a boss (351) in the 

20 backing layer (342) above a sealed-off foam filler (348). The inlet pipe (346) 
is permanently attached to and passes through the filler (348) to the wound 
bed. The outlet pipe (347) is attached to and communicates with the Interior 
of, a chamber (363) defined by a porous foam attached to the upper 
periphery of the filler (348). The chamber (363) thus effectively fornis an 

25 outlet manifold. 

In Figure 24, the foam filler (348) is only partially sealed-off. The inlet pipe 
(346) is permanently attached to and passes through the filler (348) to the 
wound bed. The outlet pipe (347) is attached to and communicates with the 
30 interior of the foam of the filler (348). Fluid passes into an annular gap (349) 
near the upper periphery of the filler (348) into the foam, which thus 
effectively fonns an outlet manifold. 

Figures 25 and 26 show dressings in which the inlet pipe (346) and outlet 
35 pipe (347) pass through the backing layer (342). 
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In Figure 25, they communicates with the interior of a porous bag filler (348) 
defined by a porous film (369) and filled with elastically resilient plastics bead 
or crumb. 

5 In Figure 26, they communicate with the wound space just below a foam filler 
(348). The foam (348) may CaviCare ™ foam, injected and fomned In situ 
around the pipes (346) and (347). 

Referring to Figure 27, the apparatus (1) for aspirating, irrigating and/or 
1 0 cleansing wounds is a major a variant of the apparatus shown in Figure 1 . 

The device for moving fluid through the wound and means for fluid cleansing 
(17) in Figure 1 is a peristaltic pump (18), e.g. preferably a small portable 
peristaltic pump, acting on the fluid circulation tube (13) downstream of the 
15 dressing (2) to apply a low negative pressure on the wound. 

In the apparatus (1) shown in Figure 27. the peristaltic pump (18) is replaced 
by: 

a) a peristaltic pump, acting on the fluid supply tube (7) upstream of the 
20 dressing (2), and 

b) a vacuum pump assembly with pressure regulating means, acting on the 
fluid circulation tube (1 3) downstream of the dressing (2), 

to apply a low negative pressure on the wound. 
The vacuum pump assembly comprises a tank (91 1) with 
25 an inlet tube (912) connecting to the fluid circulation tube (13) and 
communicating with the upper part of the tank (911). 

a waste tube (913) connecting to a waste pump (914) witii waste bag (915) 
and communicating witii the lower part of the tank (91 1). 
a pump tube (916) connecting to a vacuum pump (918) and communicating 
30 with the upper part of the tank (91 1 ), and 

an outiet tube (917) connecting to tiie fluid circulation tube (13) to the means 
for cleansing (17) and communicating with the lower part of the tank (91 1). 

The vacuum pump (918) is controlled by a pressure feedback regulator 
35 (919) through an electrical line (920). the regulator receiving signals flrom a 
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tank sensor (921) in the upper part of the tank (911). and a dressing sensor 
(922) in the wound space respectively via lines (923) and (924). 

The operation of the apparatus (1) is similar to that of the apparatus in Figure 
5 1 mutatis mutandis. 

The pressure feedback regulator (919) regulates the pressure at the wound 
and/or the tank (911). 

10 If the amount of fluid in circulation becomes excessive, e.g. because the 
wound continues. to exude heavily, the waste pump (914) may be started to 
transfer fluid from the lower part of the tank (91 1) to the waste bag (915). 



1 5 The use of the apparatus of the present Invention will now be described by 
way of example only in the following Examples: 

Exam ple 1 - Microfiltration removal of bioburden. inc luding micro-organisms 
from a single-phase svstem. 

20 

A single phase circuit essentially as in Figure 1. but with a sample port SI 
between the wound dressing and the pump and a sample port S2 
downstream of a sterile 0.22Mm filter filtration device as the cleansing means 
was sterilised by y-inradiation 

25 

Prior to inoculation with the test organism (S. aureus NCTC 10788). the 
wound reservoir was filled wrth 45ml sterile MRD (maximum recovery diluent) 
and then the MRD was inoculated with the test organism to give a final 
concentration of 10^ cfu/ml. 

30 

The culture was allowed to pre-circulate around the circuit (bypassing the 
sterile 0.22Mm filter) prior to being circulated through the filtration device. A 
sample (0.5ml) of the pre-circulation fluid was taken from port SI at 30 and 
60 minutes. This was serially diluted in MRD to 10"® and duplicate 1ml 
35 tryptone soya agar (TSA) plates were prepared from each dilution according 
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to a standard validated protocol. Plates were incubated for at least 72 hours 
at 32°C prior to counting. 

After 1 hour, the fluid was allowed to circulate through the filtration device. 
0.5ml samples of the circulating fluid were taken from ports SI at T = 10, 30, 
50 and 70 minutes and S2 at T = 0. 20, 40, 60and 80 minutes. All samples 
were enumerated as described above. 

Results 



TABLE 1: Bacterial counts of pre-circulation fluid taken from the single 
phase svstem 



Sample time (minutes) 


Mean count (cfu/ml) 


Logio count (cfu/ml) 


30 


2.31 X 10"^ 


4.36 


60 


1.87 X 10* 


4.27 



TABLE 2: Bacterial counts of post-wound re servoir (port SI) fluid taken 
from the single phase Exudlalvs is svstem 



Sample time (minutes) 


Mean count (cfu/ml) 


Logio count (cfu/ml) 


10 


6.30 X 10^ 


3.80 


30 


4.10 X 10^ 


3.61 


50 


1.77x10^ 


3.25 


70 


1.23x10' 


3.09 


FARLE 3- Bacterial counts of post-filtration (port S2^ fluid taken firom the 
sinqle phase Exudialvsis svstem 


Sample time (minutes) 


Mean count (cfu/ml) 


Logio count (cfu/ml) 


0 


<1.0x 10^ 


<1.00 


20 


<1.0x10^ 


<1.00 


40 


<1.0x10^ 


<1.00 


60 


1.0 x 10^ 


1.00 


80 


<1.0x 10^ 


<1.00 
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Conclusions 

The single phase system was able to Innmediately remove bacterial cells from 
5 the wound circuit after passing through 0.22Mm filter by approximately 3 logs 
and cause a gradual reduction in the overall numbers of circulating bacteria. 

FvamDle 2 - Inhibition of elastase in a tw o-ohase svstem (static second 
10 Phase). 

a) Preparation of an immobilised elasta se antagonist - a conjugate ('the 
Inhibitor') of 4-(2-aminoethvlVbenzen esulfonvl fluoride (AEBSF) with 

pQlv(maleic anhvdride-atf-methvlvinvlether), and — with — 1% — 5di2r 

15 aminoethvlaminoVI-naphthalenesulfoni c acid (EDANS) fluorescent tag. 

To a magnetically stirred solution of MAMVE (1.646 g, 10.5 mmol units) in 
DMF (100 ml) was added EDANS (30.4 mg, 0.1 mmol) in DMF (2 ml). After 
15 minutes, a solution of AEBSF hydrochloride (2.502 g. 10.4 mmol) and 
20 triethylamine (1.056 g. 10.4 mmol) in DMF (20 ml) was added dropwise. 
After 5 h, this solution was precipitated dropwise into 0.5 M HCI (2000 ml). 
Buchner filtered and washed with 0.5 M HCI. The product was vacuum 
desiccated to dryness and stored at^ °C. Yield 3.702 g. 98%. 

25 To a magnetically stirred solution of MAMVE (2.000 g, 12.8 mmol units) In 
DMF (100 ml) was added EDANS (37.0 mg, 0.1 mmol) in DMF (2 ml). After 
15 minutes, a solution of phenethylamine (1.537 g. 12.7 mmol) in DMF (10 
ml) was added dropwise. After 5 h, this solution was precipitated dropwise 
into 0.5 M HCI (2000 ml), Buchner filtered and washed with 0.5 M HCI. The 

30 product was vacuum desiccated to dryness and stored at room temperature. 
Yield 3.426 g, 97%. 

b) Elastase inhibition 

35 A two-phase circuit essentially as in Figure 1 was used, with a two-phase 
cleansing means with static second phase, but with a sample port 
downstream of a cleansing means. 
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The cleansing means is a MiCroKros Cross Flow Syringe Filter (Spectrum 
Labs Inc) PS/ 400K MWCO 8cm^, with two separate chambers, any 
fluid in the outer being held static. 

6 The outer chamber was filled with 2 mg/ml Inhibitor solution (~1ml in TRIS) 
and connected up to the tubing. The inlet and outlet tubing was placed in a 
TRIS solution and TRIS was flushed through the inner chamber of the 
MiCoKros syringe and the tubing for 5 mins. The tubing was then emptied. 2 
ml of elastase (0.31 1 mg/ml) was pipetted into the wound circuit. 

10 

The tubes were placed In the reservoir and the pump and the timer were 
started simultaneously. 

10 microlitre samples were taken every hour from the wound circuit for six 
15 hours and assayed in the following way immediately after sampling. A 
control of static elastase was assayed at every time point in order to 
determine the decrease in activity over the 6 hours. 

c) Elastase Activity Assay 

20 

' The elastase substrate N-Succ-(Ala)3-nitronilide was prepared (10 mg /ml In 
DMSO). 25 microlitre of the N-Succ-(Ala)3-nitronilide (10 mg/ml) was added 
to 2.475 ml of TRIS in a 4.5 ml capacity disposable cuvette. This mixing was 
completed 10 mins before the elastase solution was due to be added into the 
25 cuvettes (In order to ensure the substrate was mixed well). The 10 microlitre 
sample was then added to each cuvette and mixed well. The sample was 
incubated at room temp for 40 mins and the absorbance at 405 nm recorded. 



wo 2004/037334 



PCT/GB2003/004647 



72 

Results and Conclusions 





TRIS 








Time / h 


Run 1 


Run 2 


Run 3 


Elastase 
control 


0 


0.266 


0.284 






1 


0.255 


0.258 


0.239 


0.283 


2 


0.271 


0.242 


0.225 


0.284 


3 


0.219 


0.218 


0.209 


0.291 


4 


0.208 


0.203 


0.203. 


0.277 


5 


0.197 


0.17 


0.194 


0.304 


6 


0.198 


0.161 


0.182 


0.288 


elastase 
final 


0.267 


1 0.289 


0.281 





5 Table 1. The absorbance detected after 40 mins incubation (405nm) for 
elastase + TRIS. The experiment was repeated in triplicate and 
control of static elastase was recorded every hour. 





MAMVE-AEBSF 






Time / h 


Run 1 


Run 2 


Run 3 


Elastase control 


0 


0.362 


0.39 


0.371 




1 


0.234 


0.308 


0.267 


0.4 


2 


0.158 


0.215 


0.193 


0.374 


3 


0.081 


0.161 


0.128 


0.363 


4 


0.064 


0.12 


0.083 


0.366 


5 


0.046 


0.073 


0.048 


0.375 


6 


0.025 


0.061 


0.034 


0.348 



10 
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Table 2 . The absorbance detected after 40 mins incubation (405nm) for 
elastase + MAMVE-AEBSF. The experiment was repeated in 
triplicate and control of static elastase was recorded every hour. 

5 The average of all the elastase control experiments was used to calculate the 
100% activity for Oh. 



% Average 






SD 






Time/h 


TRIS 


AEBSF 




Time / h 


TRIS 


AEBSF 


0 


100.00 


100.00 




0 






1 


88.55 


72.47 




1 


3.61 


9.96 


2 


86.90 


50.70 




2 


8.22 


7.73 


3 


76.07 


33.14 




3 


1.95 


10.80 


4 


72.30 


23.92 




4 


1.02 


7.65 


5 


66.06 


14.96 




5 


5.23 


4.04 


6 


63.70 


10.75 




6 


6.55 


5.03 



Table 3 . The average % elastase activity for 3 variables, with the SD 

10 

The results Indicate that for the elastase + Tris solution there is a 60-70% 
drop in activity. This can be explained as a dilution effect as the 2ml of 
elastase mix with the 1 ml TRIS in the outer chamber f/s) . This indicates 
that the system is inert to elastase and the complete mixing/ diffusion across 
15 the membrane occurs within 3 h. 

The elastase + MAMVE-AEBSF within the 6 h shows a 90% drop in elastase 
activity. 

20 

Exam ple 3 ~ Sequestration of iron ions from a t wo-phase svstem (static 
second phase). 

A two-phase circuit essentially as in Figure 1 was used, with a two-phase 
25 cleansing means with static second phase, but with a sample port 
downstream of a cleansing means, the latter being a Slide-A-Lyzer dialysis 
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cassette (Pierce, 10,000 MWCO, 3-1 5ml capacity. Product # 66410) in a 
cliamber of a Slide-A-Lyzer. 

The cassette was loaded with one of the following: 
5 a) 5ml of phosphate buffer saline (PBS), 

b) starch control (40, 120 and 200 mg/ml) or 

c) starch-desfen-ioxamine (DFO) conjugate (supplied by Biomedical 
Frontiers Inc.) in solution (40, 120 and 200 mg/ml). 

10 Each dijalysis cassette was placed in a Slide-A-Lyzer chamber. In this 
arrangement, the cassette load is separated from the recirculating first fluid 
by the 10,000 MWCO membrane refen-ed to above. 

Transferrin (10mg/ml. 35ml volume) was injected into the sample port and 
15 circulated around the flow system by a Masterflex pump (Model No. 7523-37) 
at different flow rates (0.54, 0.82, 1.08 and 1.35 ml/min) for 8 hours. 

Samples were collected at 0, 2, 4, 6 and 8 hours. 

20 The iron content of the samples was measured using a ferrozine assay as 
follows: The sample was mixed wHh 50mM acetate buffer, pH 4.8 to liberate 
iron from transferrin. Ascorbate (30mM) was added to the sample to reduce 
released Fe (111) ions to Fe (II) ions. Ferrozine (5mM) was mixed with the 
sample forming a coloured complex with Fe (II) ion. The absorbance was 

25 measured using UNICAM UV4-100 UV-Vis spectrophotometer V3.32 (serial 
no. 022405). 

Results and Conclusions 

30 Starch-DFO picked up iron from transferrin in a dose dependent manner over 
8 hours. Approximately 20-25% iron removal occunred in the presence of 
200mg/ml of starch-DFO after 8 hours recirculation. 

In the presence of different concentrations of starch control or PBS the iron 
35 content of transferrin dropped slightly due to a dilution effect but then slowly 
returned to normal, suggesting that iron pick-up by starch-DFO was mediated 
by DFO alone. 
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The iron pick-up profile for transferrin was similar at different flow rates 
suggesting that flow had no effect on iron transfer across the dialysis 
membrane, 

5 

Example 4 - Infusion of antibiotic from the second phase of a two-phase 
system (moving second phase). 

A two-phase circulation system essentially as in Figure 1 with the second 
10 (dialysate) circuit essentially as in Figure 2 was used. The pumps were 
peristaltic acting on silicone tubing. The second circuit was provided with a 
reservoir of dialysate with which to modify the wound fluid (50 ml Falcon 
centrifuge tube). The wound circuit was connected into the ends of a luer- 
fitting hollow fibre tangential membrane dialysis unit (Spectrum® MicroKros® 
15 X14S-100-04N, 8 cm2 surface area, 400KD Mol. Wt. cut off,). The dialysate 
circuit was connected to the side ports of the same dialysis unit so that flow 
between the wound circuit and the dialysate circuit were in a counter current 
direction. 

20 The wound circuit was flushed first with ethanol and then with sterile water as 
per the manufacturers' instruction. The wound reservoir was filled with 20ml 
of sterile water. The wound pump was run at a speed setting of 100, which 
generated a measured flow rate of 2,09 ml min'^ in the wound circuit. The 
dialysate circuit was flushed first with ethanol and then with sterile vrater as 

25 per the manufacturers instruction. The dialysate reservoir was filled with 
20ml of sterile water. The dialysate pump was run at a speed setting of 100, 
which generated a measured flow rate of 1 .93 ml min"^ in the dialysate circuit. 
Samples (1ml) were removed from the wound and the dialysate reservoirs by 
means of a length of silicone tube with a luer fitting attached to a 2 ml syringe 

30 

At the start of the experiment, 5ml of sterile water was removed from the 
dialysate reservoir and 5ml of a 5mg ml"'' solution of gentamycin sulphate 
was added (EP standard gentamycin sulphate, CRS; (activity 616 lU mg'^)). 
Both the wound and the dialysate pumps were started at the same time. 
35 Samples were removed from the dialysate circuit and the wound circuit at 
intervals over 230 minutes. No volumes were replaced during the 
experiment. 
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Samples (1ml) were diluted with 2 ml of sterile water and the UV absorbance 
at 190nm was checked to get an approximate measure of the movement of 
gentamycin from the dialysate circuit to the wound circuit using a previously 
5 generated standard curve. 

Samples were subsequently analysed with a quantitative zone of inhibition 
assay for gentamycin activity according to an assay that uses 
Staphylococcus epidermidis as the indicator bacteria. 

10 

Results and Conclusions 

The results of the antimicrobial activity - zone of inhibition assays of the fluid 
show that the level of gentamycin in the wound circuit increases steadily over 

15 230 min with the rate of increase slowing as the levels of drug in the two 
circuits approach each other. The gentamycin levels in the dialysate circuit 
show a steady decrease as expected if drug is moving from the dialysate 
circuit to the wound circuit. At the pressure and flow rates useful in clinical 
practice, drugs for wound healing can be delivered in acceptable quantities 

20 and on an acceptable timescale. 

Example 5 - Regeneration of glutathione (reduction of oxid ised Glutathione 
(GSSG) to glutathione (GSH) bv localised glutathione redu ctase (GR) and 
25 cofactor NADP (reduced fomn) in a two-phase svstem (st atic second phase). 

A two-phase circuit essentially as in Figure 1 was used, with a two-phase 
cleansing means with static second phase, but with a sample port 
downstream of a cleansing means, the latter being a Slide-A-Lyzer dialysis 
30 cassette (Pierce, 10,000 MWCO, 3-1 5ml capacity, Product # 66410) in a 
chamber of a Slide-A-Lyzer. 

Into the intemal cavity of separate 15 ml capacity Slide-A-Lyzer cassettes 
was Injected 5 ml of each stock solution: 
35 a) 2 mg/ml NADP prepared In distilled water (NADP) 

b) 2 mg/ml Glutathione reductase prepared in NADP stock solution 
(GR+NADP) 
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c) 2 mg/ml Glutathione reductase prepared in distilled water (GR) 
in triplicate. 

The cassettes were laid flat and into the upper, outer cavity was allquoted 15 
5 ml of GSSG stock solution (50 microM GSSG prepared in distilled water 
(30.6 mg/l). This was circulated around the first phase circuit. The latter 
was sampled (1 ml) every hour for 6 h in total into 1 .5 ml capacity disposable 
UV cuvettes. At the end of this period, each aliquot was assayed using a 
Glutathione Assay Kit (firom Calbiochem). Triplicates were averaged and SD 
10 detemiined for each data point. These data were plotted as GSSG 
concentration versus time for each of the three control systems. 

Results & Conclusions 

15 GSSG was depleted by the combination of GR and its cofactor NADP to a 
significantly greater extent than by GR or NADP alone. Thus depletion is not 
attributable to non-specific binding. Approximately 40% of GSSG was 
depleted in 6h at the stated enzyme and cofactor concentrations. 

20 

Example 6 - Degradative removal of bacterial autoinducere fro m a single- 
phase system. 

The exchange of extra cellular signalling molecules called auto-inducers is 
25 used by bacteria and is essential to the co-ordinatation of the expression of 
key bacterial virulence genes activated at a critical bacterial cell density, and 
thus to achieving successful bacterial colonization and invasion of tissue. 
The system is called Quorum Sensing. Conversely, (usually enzymic) 
degradation or sequestration of the autoinducer species is one way to disrupt 
30 the essential communication and aid the prevention of infection in wounds. 

The AiiA enzyme is a degrader of the 3-oxododecylhomoserine lactone 
signal molecule which is used by S. aureus as an autoinducer. 

35 The AiiA enzyme used is one produced at the University of Nottingham and 
Is bound to a maltose binding protein. 
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a) Preparation of AiiA enzvme bound to a polym er support 

Cyanogen bromide activated Sepharose 6MB (from Sigma) (200-300nm 
diameter for a higlier through-flow rate) were washed In 1mM hydrochloric 
5 acid and allowed to soak and swell for a period of 30 minutes. The gel was 
washed with multiple volumes of distilled water and then wHh NaHCOs/NaCI 
pH 8.5 and used immediately. 

The AiiA enzyme solution (approx. 1mg/ml) was added to the polymer 
10 support beads and allowed to stand at 4°C ovemight. The coupled beads 
were washed vnth pH 8.5 NaHCOa/NaCl and stored as a sluny. The 
washings from the beads were also collected in order to determine the 
amount of uncoupled enzyme and hence the coupling efficiency. 

15 Blank, uncoupled beads were used as a control. 

Different amounts of the enzyme coupled beads, 1mg, lOmg and lOOmg, are 
trapped in a chamber defined by two glass frits across a cylindrical glass 
cylinder with axial inlet and outlet ports for throughflow, which fomned the 
20 cleansing means in a single phase system, which also has a sample port 
downstream of a cleansing means. A 10 mIcroM stock of 
3-oxododecylhomoserine lactone (ODHSL) Is pumped through the chamber 
at 1.93 ml mln"^ and 37°C for 6 hr. 

25 The circulating fluid is sampled (1 ml) every hour for 6 h in total into 1.5 ml 
capacity disposable UV cuvettes. 

At the end of this period, each aliquot was assayed using the assay of Swift 
et al. 1997, J. Bacteriol. 179: 5271 - 5281, which uses bioluminescence- 
30 based plasmid reporter systems in E. coll. The lOOmg sample shows an 
86% reduction in ODHSL concentration in 6 hours. 



